CHAPTER 6

Al RCRAFT HARDWARE, NMATERI ALS, AND PROCESSES

Al RCRAFT HARDWARE

Aircraft hardware is the termused to describe the various
types of fasteners and niscellaneous small itens used in the
manuf acture and repair of aircraft.

The i nmportance of aircraft hardware is often overl ooked
because of its small size; however, the safe and efficient
operation of any aircraft is greatly dependent upon the correct
sel ection and use of aircraft hardware

Identification

Most items of aircraft hardware are identified by their
specification nunber or trade nane. Threaded fasteners and
rivets are usually identified by AN (Air Force-Navy), NAS
(National Aircraft Standards), or M5 (Mlitary Standard) nunbers.
Qui ck-rel ease fasteners are usually identified by factory trade
nanes and size designations.

THREADED FASTENERS

Various types of fastening devices allow quick dismantling
or replacenent of aircraft parts that nust be taken apart and put
back together at frequent intervals. Riveting or welding these
parts each tine they are serviced woul d soon weaken or ruin the
joint. Furthermore, sonme joints require greater tensile strength
and stiffness than rivets can provide. Bolts and screws are two
types of fastening devices which give the required security of
attachnent and rigidity. Generally, bolts are used where great
strength is required, and screws are used where strength is not
the deciding factor.

Bolts and screws are simlar in nany ways. They are both
used for fastening or holding, and each has a head on one end and
screw threads on the other. Regardless of these simlarities,
there are several distinct differences between the two types of
fasteners. The threaded end of a bolt is always blunt while that
of a screw nmay be either blunt or pointed.

The threaded end of a bolt usually has a nut screwed onto it
to conplete the assenbly. The threaded end of a screw may fit
into a female receptacle, or it may fit directly into the



mat eri al being secured. A bolt has a fairly short threaded
section and a conparatively long grip length or unthreaded
portion, whereas a screw has a |onger threaded section and may
have no clearly defined grip length. A bolt assenbly is
general ly tightened by turning the nut on the bolt; the head of
the bolt may or may not be designed for turning. A screwis

al ways tightened by turning its head.

VWhen it becomes necessary to replace aircraft fasteners, a
duplicate of the original fastener should be used if at al
possible. If duplicate fasteners are not avail able, extrenme care
and caution nust be used in selecting substitutes.

Cl assification of Threads

Aircraft bolts, screws, and nuts are threaded in either the
NC (Anerican National Coarse) thread series, the NF (Anerican
Nati onal Fine) thread series, the UNC (Anerican Standard Unified
Coarse) thread series, or the UNF (Anerican Standard Unified
Fine) thread series. There is one difference between the
Anerican National series and the Anerican Standard Unified series
that should be pointed out. |In the 1-inch dianmeter size, the NF
thread specified 14 threads per inch (1-14NF), while the UNF
thread specifies 12 threads per inch (1-12UNF). Both type
threads are designated by the nunber of tines the incline
(threads) rotates around a 1l-inch length of a given dianeter bolt
or screw. For exanple, a 4-28 thread indicates that a
1/ 4-inch-dianeter bolt has 28 threads in 1 inch of its threaded
| engt h.

Threads are al so designated by Class of fit. The Cass of a
thread indicates the tolerance allowed in manufacturing. Cass 1
is aloose fit, Class 2 is a free fit, Cass 3is a mediumfit,
and Class 4 is a close fit. Aircraft bolts are al nost al ways
manufactured in the Class 3, nediumfit. A Cass 4 fit requires
a wench to turn the nut onto a bolt, whereas a Class 1 fit can
easily be turned with the fingers. Generally, aircraft screws
are manufactured with a Class 2 thread fit for ease of assenbly.

Bolts and nuts are al so produced with right-hand and
| eft-hand threads. A right-hand thread tightens when turned
cl ockwi se; a left-hand thread tightens when turned
count ercl ockwi se.

Al RCRAFT BOLTS

Aircraft bolts are fabricated fromcadm um or zinc-plated
corrosion-resi stant steel, unplated corrosion-resistant steel,
and anodi zed al umi num all oys. Mst bolts used in aircraft
structures are either general -purpose, AN bolts, or NAS
i nternal -wenching or close-tolerance bolts, or Ms bolts. In
certain cases, aircraft manufacturers make bolts of different
di mensions or greater strength than the standard types. Such
bolts are made for a particular application, and it is of extrene
importance to use like bolts in replacenent. Special bolts are
usually identified by the letter "S" stanped on the head.

AN bolts conme in three head styles -- hex-head, clevis, and



Eyebolt (see figure 6-1).NAS bolts are available in hex-head,internal -
wr enchi ng, and countersunk head styles. Ms bolts conme in hex-head and
i nternal -w enchi ng styl es.

O = ©f
T (©) [
O Crm © 4

B & ) &

AN STANDARD AN STANDAHD AN STANDAHIY AN STAKIDALD AN STANDARD
STEEI, BOLT STEFI, BM.T sTEFL ROLT ATEFI, MW.T STHEL BOLT
(OIS AEXISTANT)

3 (1) () () ¢

AN STANDARID AN STANDARI} AN STANIARDY AN STANIMRD SPACIAL mOLT

STEFL BT STEFL. BT STEFEIl. RIN.T STEFI. HOET
§3-59131 @
X
LIFIEAR. ROT PEILED HEATY  SPECTAL BT MAS (205K ALUMISLN
. T T ERANCE ROLT ALY
[amad) BT
MAUNETICALLY O NCE. WD CLEVIE WT  REWODREED ROLT 10 sTREXIETT
| NEIFETTER MACNETIT IN% SATERIAL ROLT

Ficure 6-1. Aircraft bolt identification.

Gener al - Purpose Bolts

The hex-head aircraft bolt (AN-3 through AN-20) is an
al | -purpose structural bolt used for general applications
i nvol ving tension or shear | oads where a light-drive fit is
perm ssible (.006-inch clearance for a 5/8-inch hole, and other
sizes in proportion).

Al'l oy steel bolts snmaller than No. 10-32 and al um num al | oy
bolts snaller than 1/4-inch dianeter are not used in prinary
structures. Alum numalloy bolts and nuts are not used where
they will be repeatedly removed for purposes of maintenance and
i nspection. Alumnumalloy nuts may be used with cadm um pl at ed
and steel bolts |oaded in shear on | and airplanes, but are not



used on seaplanes due to the increased possibility of
dissimlar-nmetal corrosion

The AN-73 drilled-head bolt is simlar to the standard
hex-bolt, but has a deeper head which is drilled to receive wire
for safetying. The AN-3 and the AN-73 series bolts are
i nterchangeable, for all practical purposes, fromthe standpoint
of tension and shear strengths.

Cl ose-Tol erance Bolts

This type of bolt is machined nmore accurately than the
general - purpose bolt. C ose-tolerance bolts may be hex-headed
(AN-173 through AN-186) or have a 100 degree countersunk head
(NAS-80 through NAS-86). They are used in applications where a
tight-drive fit is required (the bolt will nbve into position

only when struck with a 12- to 14-ounce hamer).

I nternal -Wenching Bolts

These bolts, (MsS-20004 through Ms-20024 or NAS-495) are
fabricated from high-strength steel and are suitable for use in
both tension and shear applications. Wen they are used in stee
parts, the bolthole nust be slightly countersunk to seat the
| arge corner radius of the shank at the head. |In Dural material,
a special heat-treated washer must be used to provide an adequate
bearing surface for the head. The head of the internal-w enching
bolt is recessed to allow the insertion of an internal wench
when installing or renmoving the bolt. Special high-strength nuts
are used on these bolts. Replace an internal-wenching bolt with
anot her internal-wenching bolt. Standard AN hex-head bolts and
washers cannot be substituted for them as they do not have the
required strength.

I dentification and Codi ng

Bolts are manufactured in many shapes and varieties. A
Clear-cut nethod of classification is difficult. Bolts can be
identified by the shape of the head, nethod of securing, materia
used in fabrication, or the expected usage.

AN-type aircraft bolts can be identified by the code
mar ki ngs on the boltheads. The narkings generally denote the
bolt manufacturer, the material of which the bolt is nmade, and
whet her the bolt is a standard AN-type or a speci al - purpose bolt.
AN standard steel bolts are nmarked with either a rai sed dash or
asterisk; corrosion-resistant steel is indicated by a single
rai sed dash; and AN al um num alloy bolts are marked with two
rai sed dashes. Additional information, such as bolt dianeter,
bolt length, and grip I ength nay be obtained fromthe bolt part
nunber .

For exanple, in the bolt part nunber AN3DD5A, the "AN'
designates that it is an Air Force-Navy Standard bolt, the "3"

i ndicates the dianeter in sixteenths of an inch (3/16), the "DD"
indicates the material is 2024 aluminumalloy. The letter "C" in
pl ace of the "DD' would indicate corrosion-resistant steel, and



the absence of the letters would indicate cadni um pl ated steel
The "5" indicates the length in eighths of an inch (5/8), and the
"A" indicates that the shank is undrilled. |If the letter "H'
preceded the "5" in addition to the "A" following it, the head
woul d be drilled for safetying.

Cl ose-tol erance NAS bolts are marked with either a raised or
recessed triangle. The material markings for NAS bolts are the same as for
AN bolts, except that they may be either raised or recessed. Bolts
i nspected magnetically (Magna-flux) or by fluorescent neans (Zyglo) are
identified by neans of colored | acquer, or a head marking of a distinctive

t ype.

SPECI AL- PURPCSE BOLTS

Bolts designed for a particular application or use are
classified as special -purpose bolts. Cdevis bolts, eyebolts,
Jo-bolts, and | ock bolts are special - purpose bolts.

Clevis Bolts

The head of a clevis bolt is round and is either slotted to
receive a conmon screwdriver or recessed to receive a crosspoint
screwdriver. This type of bolt is used only where shear |oads
occur and never in tension. It is often inserted as a mechanica
pin in a control system

Eyebol t

This type of special -purpose bolt is used where externa
tension loads are to be applied. The eye is designed for the
attachment of such devices as the fork of a turnbuckle, a clevis,
or a cable shackle. The threaded end may or may not be drilled
for safetying.

Jo- Bol t

Jo-bolt is a trade nane for an internally threaded
three-piece rivet. The Jo-bolt consists of three parts - a
threaded steel alloy bolt, a threaded steel nut, and an
expandabl e stainless steel sleeve. The parts are factory
preassenbled. As the Jo-bolt is installed, the bolt is turned
while the nut is held. This causes the sleeve to expand over the
end of the nut, form ng the blind head and cl anpi ng agai nst the
work. \When driving is conplete, a portion of the bolt breaks
off. The high-shear and tensile strength of the Jo-bolt nekes it
suitable for use in cases of high stresses where sone of the
other blind fasteners would not be practical. Jo-bolts are often
a part of the permanent structure of |ate-nodel aircraft. They
are used in areas which are not often subjected to replacenent or
servicing. (Because it is a three-part fastener, it should not
be used where any part, in becom ng | oose, could be drawn into
the engine air intake.) Oher advantages of using Jo-bolts are
their excellent resistance to vibration, weight saving, and fast



installation by one person

Presently, Jo-bolts are available in four diameters: The

200 series, approximately 3/16-inch in dianmeter; the 260 series,
approximately 1/4-inch in diameter; the 312 series, approximtely
5/16-inch in dianeter; and the 375 series, approximtely 3/8-
inch in diameter. Jo-bolts are available in three head styles
which are: F (flush), P (hex-head), and FA (flush m |l able).

Lockbol ts

The | ockbolt combines the features of a high-strength bolt
and rivet, but it has advantages over both. The |ockbolt is
generally used in wing-splice fittings, |anding-gear fittings,
fuel-cell fittings, |ongerons, beans, skin-splice plates, and
other major structural attachments. It is nore easily and
qui ckly installed than the conventional rivet or bolt and
elimnates the use of |ockwashers, cotter pins, and special nuts.
Li ke the rivet, the lockbolt requires a pneunmatic hanmer or "pul
gun" for installation; when installed, it is rigidly and
permanently | ocked in place. Three types of |ockbolts are comobnly used,
the pull type, the stunp type, and the blind type. (See figure 6-2)

Pull type Stump type Blind type

Ficure 6-2. Lockbolt types.

Pul | type

Pul | -type | ockbolts are used mainly in aircraft

primary and secondary structures. They are installed very

rapi dly and have approxi mately one-half the wei ght of equival ent
AN steel bolts and nuts. A special pneumatic "pull gun" is



required to install this type of lockbolt. Installation can be
acconpl i shed by one person since bucking is not required.

Stunp type

Stunmp-type | ockbolts, although they do not have

the extended stemwi th pull grooves, are conpanion fasteners to
pul | -type | ockbolts. They are used primarily where cl earance
will not permt installation of the pull-type | ockbolt. A
standard pneumatic riveting hammer (with a hamer set attached
for swaging the collar into the pin-Iocking grooves) and a
bucki ng bar are tools necessary for the installation of
stunp-type | ockbolts.

Blind type

Bl i nd-type | ockbolts conme as conplete units or

assenblies. They have exceptional strength and sheet

pul | -toget her characteristics. Blind |ockbolts are used where

only one side of the work is accessible and, generally, where it
is difficult to drive a conventional rivet. This type of

| ockbolt is installed in the same nanner as the pull-type

| ockbol t.

Common features - Common features of the three types of
| ockbolts are the annul ar | ocking grooves on the pin and the
| ocking collar which is swaged into the pin's |ock grooves to
|l ock the pin in tension. The pins of the pull- and blind-type
| ockbolts are extended for pull installation. The extension is
provided with pulling grooves and a tension breakoff groove.

Conposition - The pins of pull- and stunp-type | ockbolts are
made of heat-treated alloy steel or high-strength alum num all oy.
Conpani on collars are nmade of aluminumalloy or mld steel. The
blind | ockbolt consists of a heat-treated alloy steel pin, blind
sleeve and filler sleeve, nild steel collar, and carbon stee
washer .

Substitution - Alloy steel |ockbolts may be used to replace

steel hi-shear rivets, solid steel rivets, or AN bolts of the
same dianmeter and head type. Alum num alloy |ockbolts may be
used to replace solid alumnumalloy rivets of the sane di aneter
and head type. Steel and alum numalloy |ockbolts nay al so be
used to replace steel and 2024T al umi num al |l oy bolts,
respectively, of the same dianeter. Blind |lockbolts may be used
to replace solid alum numalloy rivets, stainless steel rivets,
or all blind rivets of the same di aneter

Nunbering system - The nunbering systemfor the various types of |ockbolts
are explained by the foll owi ng breakouts(see figure 6-4)



&R P GRI P RANGE GRI P GRI P RANGE

NO. NO.
M n. Max. M n. Max.
1 . 031 . 094 17 1.031 1.094
2 . 094 . 156 18 1.094 1.156
3 . 156 . 219 19 1.156 1.219
4 . 219 . 281 20 1.219 1.281
5 . 281 . 344 21 1.281 1.344
6 . 344 . 406 22 1.344 1.406
7 . 406 . 469 23 1.406 1.469
8 . 469 . 531 24 1.469 1.531
9 . 531 . 594 25 1.531 1.594
10 . 594 . 656 26 1.594 1.656
11 . 656 . 718 27 1.656 1.718
12 . 718 . 781 28 1.718 1.781
13 . 781 . 843 29 1.781 1.843
14 . 843 . 906 30 1.843 1.906
15 . 906 . 968 31 1.906 1.968
16 .968 1.031 32 1.968 2.031
33 2.031 2.094

Figure 6-3 Pull- and stunp-type |ockbolt grip ranges.

Pul | -type | ockbolt --

ALPP H T 8 8

T
| -- Gip length in 16ths of an inch
|
|

- Body dianeter in 32nds of an inch.

- Pin materials --

[
E = 75S-T6 al um num al | oy.
T = heat-treated all oy steel
- Class fit --
H = hole filling (interference fit).
N = non-hole filling (clearance fit).
- Head type --

ACT 509 = cl ose tol erance AN-509 C-sink head.
ALPP = pan head.

ALPB = brazi er head.

ALP509 standard AN-509 C-sink head.

ALP426 standard AN-426 C-sink head.



Bl i nd-type | ockbolt -

BL

8
I
|
|
|

Bl i nd

4

I
-- Giplength in 16ths of an inch, +/ - 1/32

i nch.
Di aneter in 32nds of an inch.

ockbol t .

Lockbolt collar -

8

-- Dianeter of pin in 32nds of an inch

erial --
24ST al umi num al l oy (green color).
61ST al um num alloy (plain color).

Ma
C
F
R=mld steel (cadm um pl ated).

i n =

Lockbolt collar.

* Use
| ockbo
Use 61
| ockbo
Use m
for hi

25ST aluminumalloy with heat-treated all oy

Its only.

ST aluminumalloy with 75ST al um num al | oy

Its only.

Id steel with heat-treated alloy steel |ockbolts
gh tenperature applications only.

Stunmp-type | ockbolt —

ALSF E 8 8
T 1T T T
| L _ _
| | | -- Giplength in 16ths of an inch
I I I
| | -- Body dianeter in 32nds of an inch.
I I
| -- Pin materail --
| E = 75S-T6 al um num al | oy.
| T = heat-treated all oy steel
I
-- Head type --
ASCT 509 = close tol erance AN-509 C-sink head.
ALSF = flat head type.
ALPB = brazi er head.
ALS509 = standard AN-509 C-sink head.
ALS426 = standard AN-426 C-sink head.

Fi gure 6-4.Lockbolt nunbering system



GripRange. The bolt grip range required for any

appl i cation should be determi ned by neasuring the thickness of

the material with a hook scale inserted through the hole. Once

this neasurenment is determ ned the correct grip range can be

sel ected by referring to the charts provided by the rivet manufacturer.
Exampl es of grip-range charts are shown in figures 6-3 and 6-5

1/ 4-inch Di anmeter 5/ 16-i nch Di anmet er
GRI P GRI P RANGE GRI P GRI P RANGE
NO. NO.
M n. Max. M n. Max.
1 . 031 . 094 2 . 094 . 156
2 . 094 . 156 3 . 156 . 219
3 . 156 . 219 4 . 219 . 281
4 . 219 . 281 5 . 281 . 344
5 . 281 . 344 6 . 344 . 406
6 . 344 . 406 7 . 406 . 469
7 . 406 . 469 8 . 469 .531
8 . 469 . 531 9 . 531 . 594
9 . 531 . 594 10 . 594 . 656
10 . 594 . 656 11 . 656 . 718
11 . 656 . 718 12 . 718 . 781
12 . 718 . 781 13 . 781 . 843
13 . 781 . 843 14 . 843 . 906
14 . 843 . 906 15 . 906 . 968
15 . 906 . 968 16 .968 1.031
16 .968 1.031 17 1.031 1.094
17 1.031 1.094 18 1.094 1.156
18 1.094 1.156 19 1.156 1.219
19 1.156 1.219 20 1.219 1.281
20 1.219 1.281 21 1.281 1.343
21 1.281 1.343 22 1.343 1.406
22 1.343 1.406 23 1.406 1.469
23 1.406 1.469 24 1.469 1.531
24 1.469 1.531
25 1.531 1.594

Figure 6-5 Blind-type | ockbolt grip ranges.

When installed, the |ockbolt collar should be swaged
substantially throughout the conplete |l ength of the collar. The
tol erance of the broken end of the pin relative to the top of the
collar nmust be within the foll owi ng di nensions:

Pi n Tol er ance

di anet er Bel ow Above
3/ 16 . 079 to . 032
1/ 4 . 079 to . 050
5/ 16 . 079 to . 050

3/8 . 079 to . 060



When renoval of a | ockbolt becones necessary, renopve the
collar by splitting it axially with a sharp, cold chisel. Be
careful not to break out or deformthe hole. The use of a backup
bar on the opposite side of the collar being split is
recomrended. The pin nmay then be driven out with a drift punch.

Al RCRAFT NUTS

Aircraft nuts are nmade in a variety of shapes and sizes.
They are nade of cadm um pl ated carbon steel, stainless steel, or
anodi zed 2024T al um num al |l oy, and may be obtained with either
right- or left-hand threads. No identifying marking or lettering
appears on nuts. They can be identified only by the
characteristic nmetallic luster or color of the alum num brass,
or the insert when the nut is of the self-locking type. They can
be further identified by their construction.

Aircraft nuts can be divided into two general groups:
Non-sel f-1ocki ng and sel f-1ocking nuts. Non-self-Iocking nuts
are those that nmust be safetied by external |ocking devices, such
as cotter pins, safety wire, or locknuts. Self-locking nuts
contain the | ocking feature as an integral part.

Non-sel f-1ocki ng Nuts

Most of the familiar types of nuts, including the plain nut,
the castle nut, the castell ated shear nut, the plain hex nut, the
light hex nut, and the plain check nut are the non-sel f-1|ocking
type. (See figure 6-6.)

The castle nut, AN310, is used with drilled-shank AN hex
head bolts, clevis bolts, eyebolts, drilled head bolts, or studs.
It is fairly rugged and can withstand | arge tensional | oads.
Slots (called castellations) in the nut are designed to
acconmpdate a cotter pin or lock wire for safety.

The castellated shear nut, AN320, is designed for use with
devices (such as drilled clevis bolts and threaded taper pins)
which are normally subjected to shearing stress only. Like the
castle nut, it is castellated for safetying. Note, however, that
the nut is not as deep or as strong as the castle nut; also that
the castellations are not as deep as those in the castle nut.

The plain hex nut, AN315 and AN335 (fine and coarse thread),
is of rugged construction. This makes it suitable for carrying
| arge tensional |oads. However, since it requires an auxiliary
| ocki ng device such as a check nut or |ockwasher, its use on
aircraft structures is somewhat |imted.

The Iight hex nut, AN340 and AN345 (fine and coarse thread),
is a much lighter nut than the plain hex nut and nust be | ocked
by an auxiliary device. It is used for mscellaneous
| ight-tension requirenments.

The plain check nut, AN316, is enployed as a | ocki ng device
for plain nuts, set screws, threaded rod ends, and other devices.

The wi ng nut, AN350, is intended for use where the desired
ti ght ness can be obtained with the fingers and where the assenbly
is frequently renoved
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AN 350

Ficure 6-6. Non-self-locking nuts.

Sel f-Locki ng Nuts

As their name inplies, self-locking nuts need no auxiliary
means of safetying but have a safetying feature included as an
integral part of their construction. Many types of self-Iocking
nuts have been designed and their use has becone quite
wi despread. Common applications are: (1) Attachnent of
antifriction bearings and control pulleys; (2) Attachnent of
accessories, anchor nuts around inspection holes and small tank
installation openings; and (3) Attachment of rocker box covers
and exhaust stacks. Self-locking nuts are acceptable for use on
certificated aircraft subject to the restrictions of the
manuf act urer.

Sel f-1ocking nuts are used on aircraft to provide tight
connections which will not shake | oose under severe vibration
Do not use self-locking nuts at joints which subject either the
nut or bolt to rotation. They nmay be used with antifriction
bearings and control pulleys, provided the inner race of the
bearing is clanped to the supporting structure by the nut and
bolt. Plates nust be attached to the structure in a positive
manner to elimnate rotation or msalignment when tightening the



bolts or screws.

The two general types of self-locking nuts currently in use
are the all-metal type and the fiber-lock type. For the sake of
simplicity, only three typical kinds of self-locking nuts are
considered in this handbook: The Boots self-1ocking and the
stainless steel self-locking nuts, representing the all-netal
types; and the elastic stop nut, representing the fiber-insert

t ype.

ﬁ E m MNut case
Boots aircraft nut Flastic anchor nut
Locking
shoulder
Untightened nut
Threaded
nut core
Flexloc mut Fiber lockmut Elastic stop nut
Ficure 6-7. Self-locking nuts.
Keyway Tightened nut

Ficure 6-8. Stainless steel self-locking nut.

Boots Sel f-Locki ng Nut

The Boots self-1ocking nut is of one-piece, all-netal
construction, designed to hold tight in spite of severe
vibration. Note in figure 6-7 that it has two sections and is
essentially two nuts in one, a locking nut and a | oad-carrying
nut. The two sections are connected with a spring which is an
integral part of the nut. The spring keeps the |ocking and
| oad-carrying sections such a distance apart that the two sets of
threads are out-of-phase; that is, so spaced that a bolt which
has been screwed through the | oad-carrying section nust push the
| ocki ng section outward agai nst the force of the spring to engage
the threads of the |ocking section properly.

Thus, the spring, through the nmedium of the | ocking section,
exerts a constant |locking force on the bolt in the sane direction
as a force that would tighten the nut. In this nut, the
| oad-carrying section has the thread strength of a standard nut
of conparable size, while the |ocking section presses against the
threads of the bolt and locks the nut firmy in position. Only a
wench applied to the nut will |oosen it. The nut can be renoved
and reused without inmpairing its efficiency.

Boots self-1locking nuts are made with three different spring
styles and in various shapes and sizes. The wing type, which is



the nost common, ranges in size for No. 6 up to 1/4 inch, the
Rol -top ranges from 1/4 inch to 9/16 inch, and the bell ows type
ranges in size fromNo. 8 up to 3/8 inch. Wng-type nuts are
made of anodi zed al um num al | oy, cadm um pl ated carbon steel, or
stainless steel. The Rol-top nut is cadm umplated steel, and
the bellows type is nade of alumi numalloy only.

Stainl ess Steel Self-Locking Nut

The stainless steel self-locking nut may be spun on and off

with the fingers, as its |locking action takes place only when the
nut is seated against a solid surface and tightened. The nut
consists of two parts; a case with a bevel ed | ocking shoul der and
key, and a threaded insert with a | ocking shoul der and slotted
keyway. Until the nut is tightened it spins on the bolt easily,
because the threaded insert is the proper size for the bolt.
However, when the nut is seated against a solid surface and

ti ghtened, the | ocking shoul der of the insert is pulled downward
and wedged agai nst the | ocking shoul der of the case. This action
conpresses the threaded insert and causes it to clench the bolt
tightly. The cross-sectional viewin figure 6-8 shows how t he
key of the case fits into the slotted keyway of the insert so
that when the case is turned the threaded insert is turned with
it. Note that the slot is wider than the key. This permts the
slot to be narrowed and the insert to be conpressed when the nut

i s tightened.

El astic Stop Nut

The elastic stop nut is a standard nut with the height
increased to acconmodate a fiber-1locking collar. This fiber
collar is very tough and durable and is unaffected by i mrersion
in hot or cold water or ordinary solvents such as ether, carbon
tetrachloride, oils, and gasoline. It will not danage bolt
threads or plating.

As shown in figure 6-9, the fiber-1locking collar is not
threaded and its inside dianmeter is smaller than the | argest
di aneter of the threaded portion or the outside diameter of a
corresponding bolt. Wen the nut is screwed into a bolt, it acts
as an ordinary nut until the bolt reaches the fiber collar. Wen
the bolt is screwed into the fiber collar, however, friction (or
drag) causes the fiber to be pushed upward. This creates a heavy
downward pressure on the |oad-carrying part and automatically
throws the | oad-carrying sides of the nut and bolt threads into
positive contact. After the bolt has been forced all the way
through the fiber collar, the downward pressure renmains constant.
This pressure | ocks and holds the nut securely in place even
under severe vibration.

Nearly all elastic stop nuts are steel or alum num all oy.
However, such nuts are available in practically any kind of
metal. Aluminumalloy elastic stop nuts are supplied with an
anodi zed finish. Steel nuts are cadni um pl at ed.

Normal Iy, elastic stop nuts can be used many tines with
conpl ete safety and without detrinent to their |ocking
efficiency. When reusing elastic stop nuts, be sure the fiber



has not lost its locking friction or becone brittle. If a nut
can be turned with the fingers, replace it.
After the nut has been tightened, make sure the rounded or
chanfered end of the bolts, studs, or screws extends at |east the
full round or chanfer through the nut. Flat end bolts, studs, or
screws should extend at least 1/32 inch through the nut. Bolts
of 5/16-inch dianeter and over with cotter pin holes nmay be used
with self-locking nuts, but only if free fromburrs around the
holes. Bolts with damaged t hreads and rough ends are not
acceptable. Do not tap the fiber-locking insert. The
sel f-1ocking action of the elastic stop nut is the result of
having the bolt threads inpress thenselves into the untapped
fiber.
Do not install elastic stop nuts in places where the
tenperature is higher than 250 degrees F., because the
ef fectiveness of the self-locking action is reduced beyond this
point. Self-locking nuts may be used on aircraft engi nes and
accessories when their use is specified by the engi ne
manuf act urer.
Sel f-1ocking nut bases are nmade in a nunber of forms and
materials for riveting and welding to aircraft structure or
parts. Certain applications require the installation of self-1ocking nuts
i n channel s, an arrangenment which pernits the attachnment of many nuts with
only a fewrivets. These channels are track-1ike bases with regularly
spaced nuts which are either renovabl e or nonrenovabl e. The renpvabl e type
carries a floating nut, which can be snapped in or out of the
channel , t hus maki ng possi bl e the easy renoval of danmaged nuts.
Nut s such as the clinch-type and spline-type which depend on friction for
t heir anchorage are not acceptable for use in aircraft structures.

Sheet Spring Nuts

Sheet spring nuts, such as speed nuts, are used with
standard and sheet-netal self-tapping screws in nonstructura
| ocations. They find various uses in supporting |Iine clanps,
conduit clanps, electrical equipnment, access doors, and the like,
and are available in several types. Speed nuts are made from
spring steel and are arched prior to tightening. This arched
spring | ock prevents the screw fromworking | cose. These nuts
shoul d be used only where originally used in the fabrication of
the aircraft.

Internal and External Wenching Nuts

Two conmercial types of high-strength internal or externa
wrenching nuts are available; they are the internal and externa
wrenching el astic-stop nut and the Unbrako internal and externa
wrenching nut. Both are the self-locking type, are heat-treated,
and are capable of carrying high-strength bolt-tension | oads.

Identification and Codi ng

Part nunbers designate the type of nut. The comon types
and their respective part nunbers are: Plain, AN315 and AN335;



castl e AN310; plain check, AN316; |ight hex, AN340 and AN345; and
castel |l ated shear, AN320. The patented self-1locking types are
assi gned part nunbers ranging from M520363 t hrough M520367. The
Boots, the Flexloc, the fiber |ocknut, the elastic stop nut, and
the self-1ocking nut belong to this group. Part nunber AN350 is
assigned to the wi ng nut.

Letters and digits followi ng the part nunber indicate such
items as material, size, threads per inch, and whether the thread
is right or left hand. The letter "B" follow ng the part nunber
i ndicates the nut material to be brass; a "D' indicates 2017-T
aluminumalloy; a "DD' indicates 2024-T alum numalloy; a "C'

i ndi cates stainless steel; and a dash in place of a letter
i ndi cates cadmi um pl ated carbon steel

The digit (or two digits) following the dash or the nmateria
code letter is the dash nunber of the nut, and it indicates the
size of the shank and threads per inch of the bolt on which the
nut will fit. The dash nunber corresponds to the first figure
appearing in the part nunber codi ng of general -purpose bolts. A
dash and the nunber 3, for exanple, indicates that the nut wll
fit an AN3 bolt (10-32); a dash and the nunber 4 neans it wll
fit an ANd bolt (1/4-28); a dash and the nunber 5, an AN5 bolt
(5/16-24); and so on.

The code nunbers for self-locking nuts end in three- or
four-digit nunbers. The last two digits refer to threads per
inch, and the one or two preceding digits stand for the nut size
in 16ths of an inch.

Sonme ot her common nuts and their code nunbers are:
Code Number AN310D5R:

AN310 = aircraft castle nut.

D = 2024-T al um num al | oy.
5 = 5/16-inch dianeter.
R = right-hand thread (usually 24 threads per inch).

Code Number AN320-10:

AN320 = aircraft castellated shear nut,
cadm um pl at ed carbon steel
10 = 5/8-inch dianeter, 18 threads per inch (this nut
is usually right-hand thread).

Code Number AN350B1032

AN350 = aircraft w ngnut.
B = brass.

10 nunber 10 bolt.

32 threads per inch

Al RCRAFT WASHERS

Aircraft washers used in airfrane repair are either plain,
| ock, or special type washers.



Plain Ball seat & socket taper pin
AN 960 ACHS0 & ACH55 ANGTS

W

Speciulw.uhm

O&s

T ccoo R=AAg

AMNBIS Star lock washers

Ficure 6-11. Various types of washers,

Pl ai n Washers

Pl ai n washers ( figure 6-11), both the AN960 an AN970, are
used under hex nuts. They provide a snooth bearing surface and
act as a shimin obtaining correct grip length for a bolt and nut
assenbly. They are used to adjust the position of castellated
nuts in respect to drilled cotter pin holes in bolts. Plain
washers shoul d be used under | ockwashers to prevent damage to the
surface material.

Al um num and al um num al | oy washers may be used under
bol t heads or nuts on al um num all oy or nagnesi um structures where
corrosion caused by dissimlar netals is a factor. When used in
this manner, any electric current flow will be between the washer
and the steel bolt. However, it is comopn practice to use a
cadm um pl at ed steel washer under a nut bearing directly against
a structure as this washer will resist the cutting action of a
nut better than an al unmi num all oy washer.

The AN970 steel washer provides a greater bearing area than
the AN960 washer and is used on wooden structures under both the
head and the nut of a bolt to prevent crushing the surface.

Lockwashers

Lockwashers, both the AN935 and AN936, are used with machine
screws or bolts where the self-locking or castellated type nut is
not appropriate. The spring action of the washer (AN935)
provi des enough friction to prevent |oosening of the nut from
vi brati on.



Lockwashers shoul d never be used under the follow ng
condi tions:

1. Wth fasteners to primary or secondary structures.

2. Wth fasteners on any part of the aircraft where
failure nmght result in damage or danger to the
aircraft or personnel

3. VWhere failure would pernit the opening of a joint
to the airflow

4, Where the screw is subject to frequent renoval

5. Where the washers are exposed to the airflow

6. Were the washers are subject to corrosive
condi tions.

7. Where the washer is against soft material wthout
a plain washer underneath to prevent gouging the
surf ace.

Shakepr oof Lockwashers

Shakeproof | ockwashers are round washers designed with tabs
or lips that are bent upward across the sides of a hex nut or
bolt to lock the nut in place. There are various mnethods of
securing the | ockwasher to prevent it fromturning, such as an

external tab bent downward 90 degrees into a snall hole in the
face of the unit, or an internal tab which fits a keyed bolt.

Shakeproof | ockwashers can withstand hi gher heat than other
nmet hods of safetying and can be used under high-vibration
conditions safely. They should be used only once because the
tabs tend to break when bent a second tine.

Speci al Washers

The bal | -socket and seat washers. AC950 and AC955, are
speci al washers used where a bolt is installed at an angle to a
surface, or where perfect alignnent with a surface is required.
These washers are used together.

The NAS143 and MsS20002 washers are used for interna
wrenchi ng bolts of the NAS144 through NAS158 series. This washer
is either plain or countersunk. The countersunk washer
(desi gnated as NAS143C and MsS20002C) is used to seat the bolt
head shank radius, and the plain washer is used under the nut.

Al RCRAFT SCREWS

Screws are the nost commonly used threaded fastening devices
on aircraft. They differ frombolts inasnuch as they are
general ly made of |ower strength materials. They can be
installed with a | oose-fitting thread, and the head shapes are
made to engage a screwdriver or wench. Some screws have a
clearly defined grip or unthreaded portion which others are
threaded along their entire | ength.

Several types of structural screws differ fromthe standard
structural bolts only in head style. The material in themis the
same, and a definite grip length is provided. The AN535
washer - head screw and the NAS220 t hrough NAS227 series are such



SCrews.

Conmonly used screws are classified in three groups: (1)
Structural screws which have the same strength as equal size
bolts; (2) machine screws, which include the mapjority of types
used for general repair; and (3) self-tapping screws, which are
used for attaching |ighter parts. A fourth group, drive screws,
are not actually screws but nails. They are driven into nmeta
parts with a mallet or hammer and their heads are not slotted or
recessed.

Structural Screws

Structural screws are nmade of alloy steel, are properly heat
treated, and can be used as structural bolts. These screws are
found in the NAS204 through NAS235 and AN 509 and AN525 seri es.
They have a definite grip and the same shear strength as a bolt
of the same size. Shank tolerances are simlar to AN hex-head
bolts, and the threads are National Fine. Structural screws are
avai l able with round, brazier, or countersunk heads. The
recessed head screws are driven by either a Phillips or a Reed
and Prince screwdriver.

The AN509 (100 degrees) flathead screw is used in
count ersunk hol es where a flush surface i s necessary.

The AN525 washer-head structural screw is used where raised
heads are not objectionable. The washer-head screw provi des a
| arge contact area

Machi ne Screws

Machi ne screws are usually of the flathead (countersunk),
roundhead, or washer-head types. These screws are
gener al - purpose screws and are available in | ow carbon steel
brass, corrosion-resistant steel, and al um num all oy.

Roundhead screws, AN515 and AN520, have either slotted or
recessed heads. The AN515 screw has coarse threads and the AN520
has fine threads.

Count ersunk machine screws are listed as ANSO5 and AN510 for
82 degrees, and AN507 for 100 degrees. The AN505 and AN510
correspond to the AN515 and AN520 roundhead in naterial and
usage.

The fillister-head screw, AN500 through AN503, is a
gener al - purpose screw and is used as a cap-screw in |light
mechani sms.  This could include attachments of cast al um num
parts such as gear-box cover plates.

The AN500 and AN501 screws are available in | ow carbon
steel, corrosion-resistant steel, and brass. The AN500 has
coarse threads while the AN501 has fine threads. They have no
clearly defined grip length. Screws |larger than No. 6 have a
hole drilled through the head for safetying purposes.

The AN502 and AN503 fillister-head screws are nade of
heat-treated all oy steel, have a small grip, and are available in
fine and coarse threads. These screws are use as capscrews where
great strength is required. The coarse-threaded screws are
commonly used as capscrews in tapped alum num all oy and nmagnesi um
castings because of the softness of the netal.



Sel f-tappi ng Screws

Machi ne sel f-tapping screws are |isted as AN504 and AN506
The AN504 screw has a roundhead, and the AN506 is 82 degrees
count ersunk. These screws are used for attaching renovable
parts, such as nanepl ates, to castings and parts in which the
screw cuts its own threads.

AN530 and AN531 sel f-tapping sheet-netal screws, such as the
Par ker - Kal on Z-type sheet-nmetal screw, are blunt on the end.
They are used in the tenporary attachnent of sheet netal for
riveting, and in the pernmanent assenbly of nonstructura
assenblies. Self-tapping screws should not be used to repl ace
standard screws, nuts, bolts, or rivets.

Drive Screws

Drive screws, AN535, correspond to the Parker-Kal on U-type.
They are plain-head sel f-tapping screws used as capscrews for
attachi ng namepl ates in casting and for sealing drain holes in
corrosion proofing tubular structures. They are not intended to
be renoved after installation.

I dentification and Codi ng

The coding systemused to identify screws is simlar to that
used for bolts. There are AN and NAS screws. NAS screws are
structural screws. Part nunbers 510, 515, 550, and so on
catal og screws into classes such as roundhead, fl athead,
washerhead, and so forth. Letters and digits indicate their
mat eri al conposition, length, and thickness. Exanples of AN and
NAS code nunbers foll ow

AN501B- 416-7
AN = Air Force-Navy standard.
501 = fillister-head, fine thread.
B = brass.
416 = 4/16-inch di aneter.
7 = 7/16-inch | ength.

The letter "D' in place of the "B" would indicate that the
material is 2017-T aluminumalloy. The letter "C' would
designate corrosion-resistant steel. An "A" placed before the
material code letter would indicate that the head is drilled for
saf et yi ng.

NAS144DH- 22
NAS = National Aircraft Standard
144 = head style; dianeter and thread -- 1/4-28 bolt,
i nternal w enching.
drilled head.
screw length in 16ths of an inch -- 1 3/8 inches
| ong.

DH
22



The basic NAS nunber identifies the part. The suffix
letters and dash nunbers separate different sizes, plating
material, drilling specifications, etc. The dash nunmbers and
suffix letters do not have standard neanings. It is necessary to
refer to a specific NAS page in the Standards book for the
| egend.

Repl acenent Bushi ngs

Bushi ngs are usually special material (steel or brass spark
pl ug bushings into alum num cylinder heads). A material that
will resist wear is used where renoval and repl acenent is
frequent. The external threads on the bushing are usually
coarse. The bushing is installed, a thread | ock conpound nay or
may not be used, and staked to prevent |oosening. Many bushi ngs
have | eft-hand threads external and right-hand threads internal.
Wth this installation, removal of the bolt or stud (right-hand
threads) tends to tighten the bushing.

Bushi ngs for common installations such as spark plugs nay be
up to .040 oversize (in increnents of .005). Original
installation and overhaul shop replacenments are shrunk fit: a
heat ed cyli nder head and a frozen bushing.

Heli-coils

Heli-coils are precision formed screw thread coils of 18-8
stainless steel wire having a dianond shaped cross-section.
They formunified coarse or unified fine thread classes 2-band 3B when
assenbled into (heli-coil) threaded hol es.
The assenbl ed i nsert accommodates UNJ (controlled radius root)
mal e threaded nenbers. Each insert has a driving tang with a
notch to facilitate renoval of the tang after the insert is
screwed into a heli-coil tapped hole.

They are used as screw thread bushings. 1In addition to

bei ng used to restore danaged threads, they are used in the
original design of missiles, aircraft engines, and all types of
mechani cal equi pment and accessories to protect and strengthen
tapped threads in light materials, netals, and plastics,
particularly in |locations which require frequent assenbly and
di sassenbly, and/or where a screw | ocking action is desired.

Heli-coils are available for the follow ng threads: unified
coarse, unified fine, netric, spark plug and national taper pipe
t hr eads.

Ficune 6i-14. Heli-coil insert.



ACRES FASTENER SLEEVES

Acres fastener sleeves are thin wall, tubular elenents with
a flared end. The sleeves are installed in holes to accept
standard bolts and rivet type fasteners. The existing fastener
holes are drilled 1/64-inch oversize for installation of the
sl eeves. The sleeves are manufactured in one inch increnments.
Along their length grooves provide a place to break or cut off
excess length to match fastener grip range. The grooves al so
provide a place to hold adhesive or sealing agents when bondi ng
sl eeve into the hole.

Advant ages and Linmitations

The sl eeves are used in holes which nust be drilled
1/ 64-inch oversize to clean up corrosion or other danage. The
oversize hole with the sleeve installed allows the use of the
original dianmeter fastener in the repaired hole. The sleeves can
be used in areas of high galvanic corrosion where the corrosion
must be confined to a readily replaceable part. Oversizing of
hol es reduces the net cross sectional area of a part and should
not be done unl ess absol utely required.

The manufacturer of the aircraft, aircraft engine or
aircraft conponent should be consulted prior to repair of damaged
hol es with acres sl eeves.

Identification

The sleeve is identified by a standard code nunber (figure 6-16A)
whi ch represents the type and style of sleeve, a materia
code, the fastener shank dianeter, surface finish code letter and
grip tang for the sleeve. The type and material of the sleeve is
represented by the basic code nunber. The first dash nunber
represents the dianmeter of the sleeve for the fastener installed
and the second dash represents the grip length of the sleeve.
The required length of the sleeve is determ ned on installation
and the excess is broken off of the sleeve. A JK5512A-05N-10 is
a 100 degree low profile head sleeve of alum numalloy. The
diameter is for a 5/32 inch fastener with no surface finish and
is 5/8 inch in |length.



JK5511

ACRES Basic SLEEVE  |BOLT Es SLEEVE
SLEEVE TYPE Part Number PART NO. | SIZF [~ LENGTH
JESS11( M4 () )
TN I S0E TESS12( )04 { ) ) /K s
Tension JESSLE( 04 () )
Head Plus JK5610 JKSSIT(J04( )()
JESSL1( M5 ()
1Ks512 - 2
— ettt I
Fivl L1l
Head {slim JK5511
]tggl 1 E: 9]
12005 () )
N o Jkssieos () | 32| 10
I Profile Head | JK3512 JESSIT(0S L)X }
x JKS511()55( )
JESS12(155(X)
T 100" Standard }ﬁﬁ}%ﬁ{ii Ll Ry
Profile Head
"I" 1509 Typel IR JK5610(185( ) )
JESS11( 08 (X )
" TKS512( )08 () }
- : JESS18(J08 ()| #10 12
Protruding KS517 JKSS1T(J08 () )
Head (Tension) | JK351 TKSE10{ )06 { ) )
{ JKS511(108 () )
JKs316(208 ()
100" Crversi 1/4 18
Tension ]-rlil:; JESSIT( 08 (X )
(1708 Overten | 1KEBT2 TK58101 108 ( ¥ )
Balt)
JESS11(00(X)
JKs512( )10} )
JESS16{ )10 () ) | 5718 18
PART NUMBEH BREAKDOWN JKSS1T(N0())
A 4 N 08 JKS810()10 (X}
| "L"l.tend of rtnumb;l' indicates TESSEL N2 LN
l:el}-l alchol lu unt JESs12( N2 ()}
ngth in sixteenth inch increments. JRSSIMNZ (K] | 378 16
uired installation length by JRSSIT(N2 LX)
hr:gkmg off at proper groove) JKSE10(12 (X)
B s il ACRES SLEEVE FOR 1/64 OVERSIZE BOLT
C = Chemical film per SLEEVE BOLT SLEEVE
MIL-C-554) PART NO. (0] |sIZE D) LENGTH
fisttmr shank diameter JESE33( 06 () ) | 13/64 12
in 32nds §§”“ﬁtﬁ 17764 18
5533110 () ) | 21784 18
Material code (1] JK5533( 12 () | 25/24 18
Basic part number
NOTES
MATERIAL
MATERIAL CODE D Acres sleeve, JK5533 1,/64 oversize available in
5052 Aluminum alloy (1/2 hard) A A256 steel only.
8061 Aluminum alloy (T8 condition) B . Acres sleeve length in sixteenth inch increments.
AZ258 Stainless steel (passivate) G

Frcvne 6-16A.  Acres sleeve identification.



TURNLOCK FASTENERS

Turnl ock fasteners are used to secure inspection plates,
doors, and other renpvabl e panels on aircraft. Turnlock
fasteners are also referred to by such terms as qui ck-openi ng,
qui ck-action, and stressed-panel fasteners. The nost desirable
feature of these fasteners is that they pernit quick and easy
renoval of access panels for inspection and servicing purposes.

Turnl ock fasteners are nmanufactured and supplied by a numnber
of manufacturers under various trade names. Some of the nost
commonly used are the Dzus, Canmloc, and Airloc.

Dzus Fasteners

The Dzus turnl ock fastener consists of a stud, grommet, and
receptacle. Figure 6-17 illustrates an installed Dzus fastener
and the various parts.
The grommet is made of al um num or alunminumalloy nmateri al
It acts as a holding device for the stud. G omets can be
fabricated from 1100 al um numtubing, if none are available from
nor mal sources.
The spring is made of steel, cadmiumplated to prevent
corrosion. The spring supplies the force that |ocks or secures
the stud in place when two assenblies are joined.
The studs are fabricated fromsteel and are cadm um pl at ed.
They are available in three head styles; wi ng, flush, and oval
Body di ameter, |ength, and head type nmay be identified or
determi ned by the markings found on the head of the stud.(See figure 6-18)
The dianmeter is always neasured in sixteenths of an inch. Stud length is
nmeasured in hundredths of an inch and is the distance fromthe head of
the stud to the bottom of the spring hole.

Detachable

= F

@ Grommet

Cut-away view of complete

| ]
Fixed Dus assembl
\%:a — O ::Hf St - g
. and Spring assembly

1 =

Ficure 6-17. Dzus fastener.



A quarter of a turn of the stud (clockw se) |ocks the
fastener. The fastener may be unl ocked only by turning the stud
count ercl ockwi se. A Dzus key or a specially ground screwdriver
| ocks or unl ocks the fastener.

F — Flush head l
'B-K—Bod:,' diameter in 168th’s of an inch

50 — Length { 50/100th’s of an inch)

Ficure 6-18, Dzus identihication.

Canl oc Fasteners

Caml oc fasteners are nade in a variety of styles and

designs. Included anong the nost commonly used are the 2600,
2700, 40S51, and 4002 series in the regular line, and the
stressed- panel fastener in the heavy-duty line. The latter is

used in stressed panels which carry structural | oads.

The Cam oc fastener is used to secure aircraft cowings and
a grommet, and a receptacle. Two types of receptacles are available, the
rigid type and the floating type. Figure 6-19 illustrates the Cam oc
fastener.

The stud and gronmet are installed in the renovabl e portion;
the receptacle is riveted to the structure of the aircraft. The
stud and grommet are installed in either a plain, dinpled,
count ersunk, or counterbored hole, depending upon the |ocation
and t hickness of the material involved.

A quarter turn (clockw se) of the stud | ocks the fastener.

The fastener can be unl ocked only by turning the stud
count er cl ockwi se.



Ficugre 6-19. Camloc fastener.

Ai rl oc Fasteners

The Airloc fastener shown in (figure 6-20) consists of three
parts, a stud, a cross pin, and a stud receptacle. The studs are
manuf act ured from steel and case hardened to prevent excessive
wear. The stud hole is reanmed for a press fit of the cross pin.

The total anpunt of material thickness to be secured with
the Airloc fastener must be known before the correct |ength of
stud can be selected for installation. The total thickness of
materi al that each stud will satisfactorily lock together is
stanped on the head of the stud in thousandths of an inch (.040,
.070, .190, etc.). Studs are nanufactured in three head styl es;
flush, oval, and wi ng.

The cross pin is (figure 6-20) manufactured from
chrone-vanadi um steel and heat treated to provide maxi mum
strength, wear, and holding power. It should never be used the
second tinme; once removed fromthe stud, it should be replaced
with a new pin.



Receptacles for Airloc fasteners are manufactured in two
types, rigid and floating. Sizes are classified by number - No.

NN o
arrritl”.2

Cross pin

Fioure 6-20. Airloc fastener.

2, No. 5, and No. 7. They are also classified by the
center-to-center distance between the rivet holes of the
receptacle: No. 2, 3/4 inch; No. 5, 1 inch; and No. 7, 1 3/8
inch. Receptacles are fabricated from hi gh-carbon, heat-treated
steel. An upper w ng assures ejection of the stud when unl ocked
and enables the cross pin to be held in a | ocked position between
the upper wing, cam stop, and wi ng detent, regardless of the
tension to which the receptacle is subjected.

CONTROL CABLES

Cabl es are the nost widely used linkage in primary flight
control systens. Cable-type linkage is also used in engine
controls, energency extension systens for the | anding gear, and
various other systens throughout the aircraft.

Cabl e-type |inkage has several advantages over the other
types. It is strong and light in weight, and its flexibility
makes it easy to route through the aircraft. An aircraft cable
has a high nmechanical efficiency and can be set up without



backl ash, which is very inportant for precise control.
Cabl e linkage al so has some di sadvantages. Tension mnust be
adjusted frequently due to stretching and tenperature changes.
Aircraft control cables are fabricated from carbon steel or
stainl ess steel.

1/8—3/8 Diameter 7 X 19
7 strands, 19 wires
to each strand

1/16 = 3/32 Diameter 7 % 7
7 strands, T wires
to each strand

Ficure 6-21. Cable cross sections.

Cabl e Construction

The basic conponent of a cable is a wire. The dianeter of
the wire determines the total dianeter of the cable. A nunber of
wires are preformed into a helical or spiral shape and then
formed into a strand. These preforned strands are laid around a
straight center strand to forma cable.

Cabl e designations are based on the number of strands and
the nunber of wires in each strand. The npbst conmon aircraft
cables are the 7 X 7 and 7 X 19.

The 7 X 7 cabl e consists of seven strands of seven wres
each. Six of these strands are laid around the center strand
(see figure 6-21). This is a cable of nediumflexibility and is
used for trimtab controls, engine controls, and indicator
controls.

The 7 X 19 cable is nade up of seven strands of 19 wires each. Six
of these strands are laid around the center strand (see figure 6-21).This
cable is extra flexible and is used in prinmary control systenms and in
ot her pl aces where operation over pulleys is frequent.

Aircraft control cables vary in dianeter, ranging from 1/ 16
to 3/8 inch.



Cable Fittings

Cabl es may be equi pped with several different types of
fittings such as termnals, thinbles, bushings, and shackl es.

Terminal fittings are generally of the swaged type. They
are available in the threaded end, fork end, eye end,
si ngl e-shank ball end, and doubl e-shank ball end. The threaded
end, fork end, and eye end terminals are used to connect the

cable to a turnbuckle, bellcrank, or other linkage in the system

The ball-end term nals are used for attaching cables to quadrants
and speci al connections where space is limted. Figure 6-22
illustrates the various types of termnal fittings.

The thinble, bushing, and shackle fittings nay be used in
pl ace of sone types of termnal fittings when facilities and
supplies are limted and i nmedi ate repl acenent of the cable is

necessary.

ANG83  Double shank ball end terminal

(==

ANGB4  Single shank ball end terminal

ANBB5 Rod end terminal

w

AMNG86 Threaded cable terminal

ANBBE  Eye end cable terminal

Ficure 6-22. Types of terminal fittings,

Tur nbuckl es

A turnbuckl e assenbly is a nechani cal screw device



consisting of two threaded terminals and a threaded barrel
Turnbuckl es are fitted in the cable assenbly for the purpose

of making minor adjustments in cable |length and for adjusting
cable tension. One of the termnals has right-hand threads and
the other has left-hand threads. The barrel has matching
right- and left-hand internal threads. The end of the barre
with the left-hand threads can usually be identified by a groove
or knurl around that end of the barrel

When installing a turnbuckle in a control system it is
necessary to screw both of the terninals an equal nunber of turns
into the barrel. It is also essential that all turnbuckle
term nals be screwed into the barrel until not nore than three
threads are exposed on either side of the turnbuckle barrel

After a turnbuckle is properly adjusted, it nust be
safetied. The nmethods of safetying turnbuckles are di scussed
later in this chapter.

PUSH- PULL TUBE LI NKAGE

Push-pul | tubes are used as |linkage in various types of
mechani cal ly operated systens. This type |linkage elimnates the
probl em of varying tension and permits the transfer of either
conpression or tension stress through a single tube.

A push-pul|l tube assenbly consists of a hollow al um num
all oy or steel tube with an adjustable end fitting and a checknut
at either end. (See figure 6-24.) The checknuts secure the end
fittings after the tube assenbly has been adjusted to its correct
| ength. Push-pull tubes are generally nade in short lengths to
prevent vibration and bendi ng under conpression | oads.

Pl NS

The three main types of pins used in aircraft structures are the

taper pin, flathead pin, and cotter pin. Pins are used in shear

applications and for safetying. Roll pins are finding increasing
uses in aircraft construction.

Taper Pins

Plain and threaded taper pins (AN385 and AN386) are used in
joints which carry shear |oads and where absence of play is
essential. The plain taper pinis drilled and usually safetied
with wire. The threaded taper pin is used with a taper-pin
washer (AN975) and shear nut (safetied with cotter pin) or
sel f-1ocking nut.

Fl at head Pin

Conmonly called a clevis pin, the flathead pin (M520392) is
used with tie-rod termnals and in secondary controls which are
not subject to continuous operation. The pin is customarily
installed with the head up so that if the cotter pin fails or
works out, the pin will remain in place.



Cotter Pins.

The AN380 cadm um pl ated, | ow carbon steel cotter pinis
used for safetying bolts, screws, nuts, and other pins, and in
various applications where such safetying is necessary. The
AN381 corrosion-resistant steel cotter pin is used in |ocations
where nonnmagnetic naterial is required, or in |locations where
resistance to corrosion is desired.

Rol | pi ns
The rollpin is a pressed-fit pin with chanfered ends. It is
tubular in shape and is slotted the full length of the tube. The

pinis inserted with hand tools and is conpressed as it is driven
into place. Pressure exerted by the roll pin against the hole
wal | s keeps it in place, until deliberately renoved with a drift
punch or pin punch.

Snapri ngs

A snapring is a ring of netal, either round or flat in cross
section, which is tenpered to have springlike action. This
springlike action will hold the snapring firmy seated in a
groove. The external types are designed to fit in a groove
around the outside of a shaft or cylinder. The internal types
fit in a groove inside a cylinder. A special type of pliers is
designed to install each type of snapring.

Snaprings can be reused as long as they retain their shape
and springlike action.

RI VETS

An aircraft, even though nade of the best materials and
strongest parts, would be of doubtful value unless those parts
were firmy held together.

Several nethods are used to hold netal parts together; they
i nclude riveting, bolting, brazing, and wel ding. The process
used must produce a union that will be as strong as the parts
that are joined.

Alunminumand its alloys are difficult to solder. To nake a
good union and a strong joint, alumnumparts can be wel ded,
bolted, or riveted together. Riveting is satisfactory fromthe
standpoi nt of strength and neatness, and is much easier to do
then welding. It is the nbst comobn nethod used to fasten or
join alumnumalloys in aircraft construction and repair

Arivet is a netal pin used to hold two or nore netal
sheets, plates, or pieces of material together. A head is formed
on one end when the rivet is manufactured. The shank of the
rivet is placed through matched holes in two pieces of material,
and the tip is then upset to fornma second head to clanp the two
pi eces securely together. The second head, fornmed either by hand
or by pneumatic equipnent, is called a "shop head." The shop



head functions in the same manner as a nut on a bolt. 1In
addition to their use for joining aircraft skin sections, rivets
are al so used for joining spar sections, for holding rib sections
in place, for securing fittings to various parts of the aircraft,
and for fastening innunerable bracing nenbers and other parts

t oget her.

Two of the mmjor types of rivets used in the aircraft are
the common solid-shank type, which nust be driven using a bucking
bar, and the special (blind) rivets, which may be installed where
it is inpossible to use a bucking bar

Sol i d- Shank Ri vets

Solid-shank rivets are generally used in repair work. They
are identified by the kind of material of which they are made,
their head type, size of shank, and their tenper conditions. The
designation of the solid-shank rivet head type, such as universa
head, roundhead, flathead, countersunk head, and brazier head,

depends on the cross sectional shape of the head. The tenper
designation and strength are indicated by special markings on the head of
the rivet.

The material used for the majority of aircraft solid-shank
rivets is aluminumalloy. The strength and tenper conditions of
aluminumalloy rivets are identified by digits and letters
simlar to those adopted for the identification of strength and
tenper conditions of alunmi num and al um num al |l oy sheet stock
The 1100, 2017-T, 2024-T, 2117-T, and 5056 rivets are the five
grades usual ly avail abl e.

The 1100 rivet, which is conposed of 99.45 percent pure
aluminum is very soft, It is for riveting the softer al uni num
al | oys, such as 1100, 3003, and 5052, which are used for
nonstructional parts (all parts where strength is not a factor).
The riveting of map cases is a good exanple of where a rivet of
1100 al um num al |l oy nay be used.

The 2117-T rivet, known as the field rivet, is used nore
than any other for riveting alum numalloy structures. The field
rivet is in w de denand because it is ready for use as received
and needs no further heat-treating or annealing. It also has a
hi gh resistance to corrosion.

The 2017-T and 2024-T rivets are used in alum num all oy
structures where nore strength is needed than is obtainable with
the same size 2217-T rivet. These rivets are anneal ed and nust
be kept refrigerated until they are to be driven. The 2017-T
rivet should be driven within approximately 1 hour and the 2024-
Trivet within 10 to 20 minutes after renoval fromrefrigeration.

The 5056 rivet is used for riveting nagnesi um al | oy
structures because of its corrosion-resistant qualities in
combi nation with magnesi um

Mld steel rivets are used for riveting steel parts. The
corrosion-resistant steel rivets are for riveting corrosion-
resistant steels in firewalls, exhaust stack brackets, and
simlar structures.

Monel rivets are used for riveting nickel-steel alloys.

They can be substituted for those nade of corrosion-resistant
steel in some cases.

The use of copper rivets in aircraft repair is limted.
Copper rivets can be used only on copper alloys or nonnetallic
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Metal temper is an inportant factor in the riveting process,
especially with alum numalloy rivets. Alumnumalloy rivets
have the sane heat-treating characteristics as al um num all oy
sheet stock. They can be hardened and anneal ed in the sane
manner as sheet alum num The rivet nust be soft, or
comparatively soft, before a good head can be formed. The 2017-
T and 2024-T rivets are anneal ed before being driven. They
harden wi th age.

The process of heat treating (annealing) rivets is much the
sane as that for sheet stock. Either an electric air furnace, a
salt bath, or a hot oil bath is needed. The heat treating range,
depending on the alloy, is 625 degrees F. to 950 degrees F. For
convenient handling, rivets are heated in a tray or a wire
basket. They are quenched in cold water (70 degrees F.)

i Mmedi ately after heat treating.

The 2017-T and 2024-T rivets, which are heat-treatable
rivets, begin to age-harden within a few m nutes after being
exposed to roomtenperature. Therefore, they nust be used
i medi ately after quenching or else be placed in cold storage.
The nost commonly used neans for holding heat-treatable rivets at
| ow tenmperature (below 32 degrees F.) is to keep themin an
electric refrigerator. They are referred to as "icebox" rivets.
Under this storage condition, they will renain soft enough for
driving for periods up to 2 weeks. Any rivets not used within
that time should be renmoved for re-heat treating.

| cebox rivets attain about one-half their nmaxi mum strength
in approximately 1 hour after driving and full strength in about
4 days. Wien 2017-T rivets are exposed to roomtenperature for 1
hour or longer, they nmust be subject to re-heat treatnment. This
al so applies to 2024-T rivets exposed to roomtenperature for a
peri od exceeding 10 mi nutes.

Once an icebox rivet has been taken fromthe refrigerator,
it should not be nmxed with the rivets still in cold storage. |If
nore rivets are renpved fromthe icebox than can be used in 15
m nutes, they should be placed in a separate contai ner and stored
for re-heat treatment. Heat treatnment of rivets may be repeated
a nunber of tinmes if done properly. Proper heating tines and
tenmperatures are:

Heating tinme -- air furnace
Ti e at Heat treating
Ri vet all oy t enperat ure tenperature
2024 --------i-aa - - 1 hour 910 degrees F. -- 930 degrees F
2017 -------mm e - - - 1 hour 925 degrees F. -- 950 degrees F

Heating tine -- salt bath

2024 --------emam - - 30 minutes 910 degrees F. -- 930 degrees F
2017 -------mmme - o - 30 minutes 925 degrees F. -- 950 degrees F



Most netals, and therefore aircraft rivet stock, are subject

to corrosion. Corrosion may be the result of local climtic
conditions or the fabrication process used. It is reduced to a
m ni mum by using netals which are highly resistant to corrosion
and possess the correct strength-to-weight ratio.

Ferrous netals placed in contact with noist salt air wll
rust if not proper protected. Nonferrous netals, those wthout
an iron base, do not rust, but a similar process known as
corrosion takes place. The salt in noist air (found in the
coastal areas) attacks the alumnumalloys. It is a comon
experience to inspect the rivets of an aircraft which has been
operated near salt water and find them badly corroded.

If a copper rivet is inserted into an al um num all oy
structure, two dissimlar netals are brought in contact with each
other. Renenber, all netals possess a small electrica
potential. Dissimlar netals in contact with each other in the
presence of npisture cause an electrical current to flow between
them and chemi cal by-products to be formed. Principally, this
results in the deterioration of one of the netals.

Certain alum num all oys react to each other and, therefore,
nmust be thought of as dissimlar netals. The comonly used
al um num al |l oys nmay be divided into the two groups shown in figure 6-32.

Goup A Goup B
1100 2117
3003 2017
5052 2124
6053 7075

Fi gure 6-32 Al um num groupi ngs.

Menbers within either group A or group B can be consi dered
as simlar to each other and will not react to others within the
same group. A corroding action will take place, however, if any
metal of group A cones in contact with a netal in group Bin the
presence of noisture.

Avoi d the use of dissimlar netals whenever possible. Their
inconpatibility is a factor which was consi dered when the AV
St andards were adopted. To conply with AN Standards, the
manuf act urers nust put a protective surface coating on the
rivets. This may be zinc chromate, netal spray, or an anodized
finish.

The protective coating on a rivet is identified by its
color. A rivet coated with zinc chromate is yellow, an anodized
surface is pearl gray, and the netal -sprayed rivet is identified
by a silvery-gray color. |If a situation arises in which a
protective coating nust be applied on the job, paint the rivet
with zinc chromate before it is used and again after it is
driven.

Identification

Mar ki ngs on the heads of rivets are used to classify their
characteristics. These markings may be either a raised teat, two
raised teats, a dinple, a pair of raised dashes, a raised cross,
a single triangle, or a raised dash; some other heads have no



mar ki ngs. The di fferent markings indicate the conposition of the
rivet stock. As explained previously, the rivets have different
colors to identify the protective surface coating used by the
manuf act urers.

Roundhead rivets are used in the interior of the aircraft,
except where clearance is required for adjacent nenbers. The
roundhead rivet has a deep, rounded top surface. The head is
| arge enough to strengthen the sheet around the hole and, at the
sane time, offer resistance to tension.

The flathead rivet, |like the roundhead rivet, is used on
interior structures. It is used where nmaxi mum strength i s needed
and where there isn't sufficient clearance to use a roundhead
rivet. It is seldom if ever, used on external surfaces.

The brazier head rivet has a head of |arge diameter, which
makes it particularly adaptable for riveting thin sheet stock
(skin). The brazier head rivet offers only slight resistance to
the airflow, and because of this factor, it is frequently used
for riveting skin on exterior surfaces, especially on aft
sections of the fusel age and enpennage. It is used for riveting
thin sheets exposed to the slipstream A nodified brazier head rivet
al so manufactured; it is sinply a brazier head of reduced dianeter.

The universal head rivet is a conbination of the roundhead,

fl athead, and brazier head. It is used in aircraft construction
and repair in both interior and exterior |ocations. Wen

repl acenent is necessary for protruding head rivets -- roundhead,
flat head, or brazier head -- they can be replaced by universa

head rivets

The countersunk head rivet is flat topped and bevel ed toward
the shank so that it fits into a countersunk or dinpled hole and
is flush with the material's surface. The angle at which the
head sl opes nay vary from 78 degrees to 120 degrees. The 100
degree rivet is the nost commonly used type. These rivets are
used to fasten sheets over which other sheets nust fit. They are
al so used on exterior surfaces of the aircraft because they offer
only slight resistance to the slipstreamand help to m ninze
turbulent airflow

The mar ki ngs on the heads of rivets, indicate the materia
of which they are made and, therefore, their strength. Figure
6-33 identifies the rivet head markings and the materials
i ndicated by them Although there are three nmaterials indicated
by a plain head, it is possible to distinguish their difference
by color. The 1100 is alum numcolor; the mld steel is a
typical steel color; and the copper rivet is a copper color. Any
head mar ki ng can appear on any head style of the sane nateri al

Each type of rivet is identified by a part nunber so that
the user can select the correct rivet for the job. The type of
rivet head is identified by AN or M5 standard nunbers. The
nunbers selected are in series and each series represents a
particular type of head. ( See figure 6-33.)The npbst conmon
nunbers and types of heads they represent are:

ANA26 or MS20426 -- countersunk head rivets (100
degrees).

AN430 or MS20430 -- roundhead rivets.

AN441 -- flathead rivets

AN456 -- brazier head rivets.

ANA70 or MS20470 -- universal head rivets.



There are also letters and nunbers added to a part nunber.
The letter designate alloy content; the nunbers, rivet dianeter
and length. The letters in combn use for alloy designation are:

A -- Alum num all oy, 1100 or 3003 conposition.
AD -- Alum num alloy, 2117-T composition.
D -- Alum numalloy, 2017-T conposition.
DD -- Al umnum all oy, 2024-T conposition.

B -- Alum num all oy, 5056 conposition.
C -- Copper.
M -- Monel

The absence of a letter follow ng the AN standard nunber
indicates a rivet manufactured frommld steel

The first number follow ng the material conposition letters
expresses the dianmeter of the rivet shank in 32nds of an inch
Exampl es: 3, 3/32nds; 5, 5/32nds; etc. ( See figure 6-34).

The | ast nunber(s), separated by a dash fromthe preceding
nunber, expresses the length of the rivet shank in 16ths of an
inch. Exanples: 3, 3/16ths; 7, 7/16ths; 11, 11/16ths; etc.

An exanpl e of identification marking of a rivet is:

ANA70AD3-5 -- conplete part nunber.
AN -- Air Force-Navy standard number.
470 -- universal head rivet.

AD -- 2117-T al um num al | oy.

3 -- 3/32nds in dianeter.

5 -- 5/16ths in | ength.

Special (Blind) Rivets

There are many places on an aircraft where access to both
sides of a riveted structure or structural part is inmpossible, or
where linmted space will not permt the use of a bucking bar
Al'so, in the attachnent of many nonstructural parts such as
aircraft interior furnishings, flooring, deicing boots, and the
like, the full strength of solid shank rivets is not necessary.

For use in such places, special rivets have been desi gned
whi ch can be bucked fromthe front. They are sonetines |lighter
than solid-shank rivets, yet anply strong for their intended use.
These rivets are produced by several manufacturers and have
uni que characteristics that require special installation tools,
special installation procedures, and special renoval procedures.
That is why they are called special rivets. Because these rivets
are often inserted in |locations where one head (usually the shop
head) cannot be seen, they are also called blind rivets.



Countersunk

Wl

Length
of rivet
—
Dia, of shank DHa. of shank

Ficure 6-34. Methods of measuring rivets.

Mechani cal | y Expanded Rivets

Two cl asses of mechanically expanded rivets will be
di scussed here:

(1) Non-structura
(a) Self-plugging (friction lock) rivets
(b) Pull-thru rivets

(2) Mechanical lock, flush fracturing, self-plugging
rivets.

Sel f - Pl uggi ng

The self-plugging (friction lock) blind rivets are
manuf act ured by several conpanies: the sane general basic
i nformation about their fabrication, conposition, uses,
sel ection, installation, inspection, and renoval procedures apply
to all of them

Sel f-plugging (friction lock) rivets are fabricated in two
parts: A rivet head with a hollow shank or sleeve, and a stem
t hat extends through the holl ow shank.
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Prutrudi.ng Countersunk
head head

Ficure 6-35. Self-plugging (friction lock) rivets.

Several events, in their proper sequence, occur when a

pulling force is applied to the stemof the rivet: (1) The stem

is pulled into the rivet shank; (2) the mandrel portion of the

stem forces the rivet shank to expand; and (3) when friction (or

pul ling action pressure) becones great enough it will cause the

stemto snap at a breakoff groove on the stem The plug portion
(bottomend of the sten) is retained in the shank of the rivet

giving the rivet nmuch greater shear strength than could be

obtained froma hollow rivet. Self-plugging (friction lock) rivets are
fabricated in two common head styles: (1) A protruding head sinmlar to
t he M520470 or universal head, and (2) a 100 degree countersunk head.

O her head styles are avail able from sone nmanufacturers.

The stem of the self-plugging (friction lock) rivet may have
a knot or knob on the upper portion, or it nay have a serrated
portion. Self-plugging (friction lock) rivets are fabricated from
several materials. Rivets are available in the follow ng
mat eri al conbi nations: stem 2017 alum num all oy and sl eeve 2117
al um num al | oy; stem 2017 al um num all oy and sl eeve 5056 al um num
all oy; and stem steel and sl eeve steel

Sel f-plugging (friction lock) rivets are designed so that
installation requires only one person; it is not necessary to
have the work accessible fromboth sides. The pulling strength
of the rivet stemis such that a uniformjob can al ways be
assured. Because it is not necessary to have access to the
opposite side of the work, self-plugging (friction lock) rivets
can be used to attach assenblies to holl ow tubes, corrugated
sheet, holl ow boxes, etc. Because a hamrering force is not
necessary to install the rivet, it can be used to attach
assenblies to plywood or plastics.



Factors to consider in the selection of the correct rivet
for installation are: (1) Installation |ocation, (2) composition
of the material being riveted, (3) thickness of the materi al
being riveted, and (4) strength desired.

If the rivet is to be installed on an aerodynamically snpoth
surface, or if clearance for an assenbly is needed, countersunk
head rivets should be selected. In other areas where clearance
or snoothness is not a factor, the protruding head type rivet may
be utilized.

Mat eri al composition of the rivet shank will depend upon the
type of naterial being riveted. Alum numalloy 2117 shank rivets
can be used on nost al um num alloys. Al um numalloy 5056 shank
rivets should be used when the material being riveted is
magnesi um  Steel rivets should always be selected for riveting
assenblies fabricated from steel

The thickness of the material being riveted determines the
overall length of the shank of the rivet. As a general rule, the
shank of the rivet should extend beyond the material thickness
approximately 3/64 inch to 1/8 inch before the stemis pulled (see figure
6- 36)

;l; Ly
A lE

A — Thickness of material (grip range)
B-3/84-1/8 Inch
C — Total rivet shank length

Ficure 6-36. Determining length of
friction lock rivets.

Pull -Thru Ri vets

The pull-thru blind rivets are manufactured by severa
conpani es; the sanme general basic information about their
fabrication, conposition, uses, selection, installation,

i nspection, and renoval procedures apply to all of them

Pull -thru rivets are fabricated in two parts: A rivet head



with a holl ow shank or sleeve and a stemthat extends through the holl ow
shank. Figure 6-37 illustrates a protruding head and a countersunk head
pull-thru rivet.

Several events, in their proper sequence, occur when a
pulling force is applied to the stemof the rivet: (1) The stem
is pulled thru the rivet shank; (2) the mandrel portion of the
stem forces the shank to expand form ng the blind head and
filling the hole.

Pull -thru rivets are fabricated in two common head styl es:
(1) Protruding head sinlar to the M520470 or universal head, and
(2) a 100 degree countersunk head. Oher head styles are
avai | abl e from some manufacturers

Pull-thru rivets are fabricated from several nmaterials.
Fol I owi ng are the nmost conmonly used: 2117-T4 al um num all oy,
5056 al um num al | oy, nonel.

Pull -thru rivets are designed so that installation requires
only one person; it is not necessary to have the work accessible
from both sides.

Factors to consider in the selection of the correct rivet
for installation are: (1) Installation |ocation, (2) comnposition
of the material being riveted, (3) thickness of the materi al
being riveted, and (4) strength desired.

The thickness of the material being riveted determines the
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A — Thickness of material (grip range)
B - 3/64 to 1/8 inch
C — Total rivet shank length

Cﬂuﬁeaﬂ. = head Ficure 6-38. Determining length of

pull-thru rivets.

Fioure 6-37. Pull-thru rivets,



overall length of the shank of the rivet. As a general rule, the
shank of the rivet should extend beyond the material thickness
approximately 3/64 inch to 1/8 inch before the stemis pulled. See figure
6- 38

Each conpany that manufactures pull-thru rivets has a code
nunber to help users obtain correct rivet for the grip range of a
particular installation. In addition, MS nunmbers are used for
identification purposes. Nunbers are sinilar to those shown on
t he precedi ng page.

Sel f-Plugging Rivets

Sel f-pluggi ng (nmechanical lock) rivets are sinmlar to
sel f-plugging (friction lock) rivets, except for the nanner in
which the stemis retained in the rivet sleeve. This type of
rivet has a positive mechanical |ocking collar to resist
vi brations that cause the friction lock rivets to | oosen and
possibly fall out. (See figure 6-41.) Also, the nechanica
| ocking type rivet stem breaks off flush with the head and
usual |y does not require further stemtrinmng when properly
installed. Self-plugging (nmechanical |ock) rivets display al
the strength characteristics of solid shank rivets and in nost
cases can be substituted rivet for rivet.
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After installation

Ficure 6-41. Self-plugging (mechanical lock)
rivets.



Bul bed Cherryl ock Rivets

The large blind head of this fastener introduced the word
"bulb" to blind rivet terminology. 1In conjunction with the
uni que residual prel oad devel oped by the high stem break | oad,
its proven fatigue strength makes it the only blind rivet
i nt erchangeabl e structurally with solid rivets (figure 6-39)

(MINIMUM GRIP
ILLUSTRATED)

Ficure 6-39. Bulbed cherrylock rivet.

W redraw Cherryl ock Rivets

A wi de range of sizes, materials and strength levels to
select from This fastener is especially suited for sealing
applications and joints requiring an excessive anount of sheet
take-up (figure 6-40).



MINIMUM GRIP
ILLUSTRATED!

Ficure 6-40. Wiredraw cherrylock rivet,

Huck Mechani cal Locked Rivets

Sel f - pl uggi ng (mechanical |ock) rivets are fabricated in two
sections -- a head and shank (including a conical recess and
| ocking collar in the head), and a serrated stemthat extends
through the shank. Unlike the friction lock rivet, the
mechani cal lock rivet has a locking collar that forns a positive
lock for retention of the stemin the shank of the rivet. This
collar is seated in position during the installation of the
rivet.

Mat eri al

Sel f-pluggi ng (nmechanical |lock) rivets are fabricated with
sl eeves (rivet shanks) of 2017 and 5056 al um num al |l oys, nonel,
and stainless steel.

The mechani cal |ock type of self-plugging rivet can be used
in the sane applications as the friction lock type of rivet. In
addition, because of its greater stemretention characteristic,
installation in areas subject to considerable vibration is
r ecomrended.

The sane general requirements nust be net in the selection
of the mechanical lock rivet as for the friction |ock rivet.
Conposition of the naterial being joined together determ nes the
conposition of the rivet sleeve, for exanple, 2017 al um num al |l oy
rivets for nmost al um num alloys and 5056 al umi numrivets for
magnesi um The form and function may vary slightly
between blind rivet styles and specifics should be obtained from
manuf act ur ers.



Head Styles

Sel f - pl uggi ng nechani cal | ocked blind rivets are avail abl e
in several head styles (figure 6-43) depending on the
installation requirenents.

D aneters

Shank dianeters are neasured in 1/32 inch increnents and are
generally identified by the first dash nunber: 3/32 dianeter = -3;

1/8 diameter = -4; etc.Both nomnal and 1/64 inch oversize dianeters are
avai | abl e.
Gip Length

Gip length refers to the maxi mumtotal sheet thickness to
be riveted and is neasured in 1/6 of an inch. This is generally
identified by the second dash nunber. Unless otherw se noted,
nost blind rivets have their grip | engths (maxi mumgrip) marked
on the rivet head and have a total grip range of 1/16 inch. Figure 6-44
denonstrates a typical grip acconodation

To determ ne the proper grip rivet to use, neasure the
mat eri al thickness with a grip selection gage (avail able from
blind rivet nmanufacturers).

The thickness of the material being riveted determines the
overall length of the shank of the rivet. As a general rule, the
shank of the rivet should extend beyond the material thickness
approximately 3/64 inch to 1/8 inch before the stemis pulled (see figure
6- 46) .



L PR
DD,

d T
100" COUNTERSUNK UNIVERSAL
MS 20426 MS 20470
For countersunk applications. For protruding head applications.

Ay,

100 mUhTEESLNK UNISINK
For thin ?ﬁ;ﬁs;ﬂ;’: T F. A combination countersunk & protruding head
pvsiack Hications for use in very thin top sheets. Strength equal to
*PP double-dimpling without the high cost.

-
i

B
i)

F i i Fir i i JF i A I
-

158" COUNTERSUNK
A large diameter, shallow countersunk head

providing wide bearing area for honey-comb
applications.

Ficure 643, Cherrylock rivet heads,



i : Vora S R
"'!i." 1“.14- H.—.-'zz"' e ..-/-_""-' e ! 3.-'1&" Min.
Crip Tl B qé%_r Grip
T = =

Ficune 64 Typical grip length.

o

ZSSSTTES
‘o \l|| %

A — Thickness of material ( grip range)
B — 3/64 to 1/8 inch

C — Total rivet shank length
Ficure 6-46. Determining rivet length.

Ri vet ldentification

Each conpany that manufactures self-plugging (friction |ock)
rivets has a code nunber to help users obtain the correct rivet
for the grip range or material thickness of a particular
installation. |In addition, MS nunbers are used for
identification purposes. The follow ng exanples of part nunbers
for self-plugging (friction lock) rivets are representative of
each.



Huck Manufacturing Conmpany —
9SP-B -- A 6 -- 3

T

| I

| -- Gip range (material thickness) in 16ths

| of an inch.

I

-- Shank dianeter in 32nds of an inch:

1/ 8 inch. 6
5/32 inch. 8

3/ 16 inch.

4
5 1/ 4 inch.

Mat eri al conpsition of shank:
A = 2017 al umi num al | oy.
B = 5056 al um num al | oy.
R=mld steel.
Head style:
9SP-B = brazier or universal head.
PSP- 100 = 100 degrees countersunk head.
A ympic Screw and Rivet Corporation --
Rv 2 0 0--4--2
_l__
I

- Gip range in 16ths of an inch.

- Shank di aneter in 32nds of an inch:

4 = 1/8 inch. 6 = 3/16 inch.
5 =5/32 inch. 8 = 1/4 inch.
- Head style:
0 = uni versal head.
1 = 100 degrees countersunk.

Mat eri al conposition of shank:

0 = 2017 al umi num al | oy.
5 = 5056 al um num al | oy.
7 =mld steel.
Ri vet type:
2 = self-plugging (friction |ock).
5 = holl ow pul I -thru.

Manuf acturer: dynpic Screw and Rivet Corporation



Townsend Conpany, Cherry Rivet Division --

CR 163 -- 6 -- 6

I

I

-- Gip range (material thickness): knob stem
in 32nds of an inch; serrated stemin 16ths
of an inch.

- Rivet shank dianmeter in 32nds of an inch

1/ 8 inch. 6
5/32 inch. 8

3/ 16 inch.

4
5 1/ 4 inch.

Seri es nunber:
Desi gnates rivet material, type of rivet, and head
style (163 = 2117 al umi num al |l oy, self-plugging
(friction lock) rivet, protrudi ng head).

Cherry Rivet.

Mlitary Standard Nunber --

M5 20600 B 4 K 2

-
o . .
-- Gip range (material thickness)
in 1/8ths of an inch.

I

I

I

|

|

-- Type of stem

K = knot head stem
W= serrated stem

- Shank di aneter in 32nds of an inch:

4
5

1/ 8 i nch. 6
5/32 inch. 8

3/ 16 inch.
1/ 4 inch.

Mat eri al conposition of sleeve:

AD = 2117 al um num al | oy.
B = 5056 al um num al | oy.

Type of rivet and head style:

sel f-plugging (friction | ock) protrudi ng head.
sel f-plugging (friction | ock) 100 degrees
count er sunk head.

20600
20601

Mlitary Standard.

Figures 6-47, 48,49, & 50



Ri vnut s

This is the trade nane of a hollow, blind rivet nmade of 6053
al um num al | oy, counterbored and threaded on the inside. R vnuts
can be installed by one person using a special tool which heads
the rivet on the blind side of the material. The Rivnut is
t hreaded on the mandrel of the heading tool and inserted in the
rivet hole. The heading tool is held at right angles to the
material, the handle is squeezed, and the mandrel crank is turned
cl ockwi se after each stroke. Continue squeezing the handl e and
turning the mandrel crank of the heading tool until a solid
resistance is felt, which indicates that the rivet is set.

The Rivnut is used primarily as a nut plate and in the
attachnent of deicer boots to the | eading edges of wings. It may
be used as a rivet in secondary structures or for the attachnent
of accessories such as brackets, instruments, or soundproofing
mat eri al s.

Ri vnuts are nanufactured in two head types, each with two
ends; the flat head with open or closed end, and the countersunk
head with open or closed end. Al Rivnhuts, except the thin-head
countersunk type, are available with or without small projections
(keys) attached to the head to keep the Rivnut fromturning.
Keyed Rivnuts are used as a nut plate, while those w thout keys
are used for straight blind riveting repairs where no torque
| oads are inposed. A keyway cutter is needed when installing
Ri vnut s whi ch have keys.

The countersunk style Rivhut is nmade with two different head
angl es; the 100 degrees with .048- and .063-i nch head thickness,
and the 115 degrees with .063-inch head thickness. Each of these
head styles is made in three sizes, 6-32, 8-32, and 10-32. These
nunbers represent the machine screw size of the threads on the
inside of the Rivhut. The actual outside dianeters of the shanks
are 3/16 inch for the 6-32 size, 7/32 inch for the 8-32 size, and
1/4 inch for the 10-32 size.

pen-end Rivnuts are the nost widely used and are
recomrended in preference to the closed-end type wherever
possi bl e. However, closed-end Rivnuts nmust be used in
pressurized conpartnents.

Ri vnuts are nmanufactured in six grip ranges. The m ni num
grip length is indicated by a plain head, and the next higher
grip length by one radial dash mark on the head. Each succeeding
grip range is indicated by an additional radial dash mark unti
five marks indicate the nmaxi num range

Notice the figure below, that sone part nunber codes consi st
a"6", an "8", or a "10", a "dash", and two or three nore
nunbers. In some, the dash is replaced by the letters "K' or
"KB". The first nunber indicates the nachi ne screw size of the
thread, and the last two or three nunbers indicate the maxi num
grip length in thousandths of an inch. A dash between the
figures indicates that the R vnut has an open end and is keyl ess;
a "B" in place of the dash nmeans it has a closed end and is
keyless; a "K' means it is an open end and has a key; and a "KB"
indicates that it has a closed end and a key. |If the last two or
three nunbers are divisible by five, the Rivnut has a fl at head;
if they are not divisible by five, the Rivnut has a countersunk
head.

of



An exanpl e of a part

10 KB

Fot—0.32 Head Thicknen
445 475 8100
B-45 B-73 B-100
10-45 10-75 10-100
[ TL] 6875 8100
s nrs 88100
10845 10875 108100
SK4S TS SK100
K4S oS K100
10645 10K75 10K 100
SKBLS KBTS SKR10D
KRiS BKN7 S AKBI00
10KB4S 10KBTS 10KBI00

100°—0.48 Heod Thicknes
491 8121 &-144
821 8121 B-144
10-91 10-121 10-144
4891 &M 21 T,
el FTHL] BBNA4
10091 108121 108144

100°—0.43 Head Thicknes
4104 8134 &141
8106 8124 8-141
10-104 10-134 10-141
8108 68124 8141
88104 [TRET mal
108104 108134 108141
SKi104 4K134 SK14)
K104 BK134 BE141
10K108 10134 106141
AKBI104 AEB14 AKBI&Y
[ Lo+ ] BEBI34 aKai sl
1088108 10KB134 10681 &1

106

Ficure 6-51. Rivnut data chart.

nunber

|-> Grip |ength.

code is:

[
| | -> Cosed end and key.
| -> Screw and thread size.

Dill Lok-Skrus and Dill Lok-Rivets
Dill "Lok-Skru" and "Lok-Rivet" (see figure 6-52)are trade
nanes for internally threaded rivets. They are used for blind attachnent

of such accessories as fairings, fillets, access door covers, door and
wi ndow franes, floor panels, and the |ike. Lok-Skrus and Lok-Rivets are
simlar to the Rivnut in appearance and application; however, they cone in



two parts and require nore clearance on the blind side than the Rivnut to
accommodat e t he barrel
The Lok-Rivet and the Lok-Skru are alike in construction,
except the Lok-Skru is tapped internally for fastening an
accessory by using an attaching screw, whereas the Lok-Rivet is
not tapped and can be used only as a rivet. Since both Lok-
Skrus and Lok-Rivets are installed in the sane manner, the

foll owi ng di scussion for the Lok-Skru al so applies to the Lok-
Ri vet.

N
N
N

Ficune 6-52. Internally threaded rivet

The main parts of a Lok-Skru are the barrel, the head, and
an attachnment screw. The barrel is made of al umi num alloy and
comes in either closed or open ends. The head is either alum num
all oy or steel, and the attachment screw is nade of steel. All
of the steel parts are cadmium plated, and all the alum num parts
are anodi zed to resist corrosion. \When installed, the barre
screws up over the head and grips the netal on the blind side.
The attaching screwis then inserted if needed. There are two
head types, the flathead and the countersunk head. The Lok-Skru
is tapped for 7-32, 8-32, 10-32, or 10-24 screws, and the
di ameters vary from.230 inch for 6-32 screws, to .292 inch for
10-32 screws. Gip ranges vary from.010 inch to .225 inch.

Deut sch Ri vets

This rivet is a high-strength blind rivet used on | ate node

aircraft. It has a mninmum shear strength of 75,000 p.s.i., and
can be installed by one man.

The Deutsch rivet consists of two parts, the stainless stee
sl eeve and the hardened steel drive pin (see figure 6-53). The
pin and sl eeve are coated with a lubricant and a corrosion
i nhi bitor. The Deutsch rivet is available in dianmeters of 3/16, 1/4, o
3/8 inch. Gip lengths for this rivet range from3/16 to 1 inch.
Some variation is allowed in grip I ength when installing the
rivet; for exanple, a rivet with a grip length of 3/16 inch can

be used where the total thickness of naterials is between 0.198
and 0.228 inch.
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Ficure 6-33. Deutsch rivet.

When driving a Deutsch rivet, an ordinary hamer or a

pneumatic rivet gun and a flathead set are used. The rivet is
seated in the previously drilled hole and then the pin is driven
into the sleeve. The driving action causes the pin to exert
pressure agai nst the sleeve and forces the sides of the sleeve
out. This stretching forms a shop head on the end of the rivet
and provides positive fastening. The ridge on the top of the
rivet head locks the pin into the rivet as the |last few blows are
struck.

Pin Rivets

Pin (Hi -shear) rivets are classified as special rivets but
are not of the blind type. Access to both sides of the nateria
is required to install this type of rivet. Pin rivets have the
same shear strength as bolts of equal dianeters, are about 40
percent of the weight of a bolt, and require only about one-
fifth as nuch tine for installation as a bolt, nut, and washer
conbi nation. They are approximately three tines as strong as
solid-shank rivets.



Collar

Ficvre 6-54. Pin (Hi-shear) rivet.

Pin rivets are essentially threadl ess bolts. The pin is

headed at one end and is grooved about the circunference at the

other. A netal collar is swaged onto the grooved end effecting a

firm tight fit (see figure 6-54). Pin rivets are fabricated in a variety
of materials but should be used only in shear applications. They should
never be used where the grip length is less than the shank di aneter.

Part nunbers for pin rivets can be interpreted to give the
dianmeter and grip length of the individual rivets. A typica
part nunber breakdown woul d be:

NAS 177 -- 14 -- 17

| -> Maximum grip length in 16ths of an inch.
-> Nominal dianmeter in 32nds of an inch.

100 degree countersunk head rivet.
flathead rivet.

I
I
I
I
I
I
I
| -> National Aircraft Standard

PLASTI CS

Pl astics are used in nmany applications throughout nodern
aircraft. These applications range from structural components of
thernmosetting plastics reinforced with fiber glass to decorative
trimof thernoplastic materials.



Transparent Plastics

Transparent plastic materials used in aircraft canopies,
wi ndshi el ds, and other simlar transparent enclosures may be
divided into two major classes or groups. These plastics are
classified according to their reaction to heat. The two cl asses
are Thermopl astic and Thernopsetti ng.

Thernmopl astic materials will soften when heated and harden
when cool ed. These nmaterials can be heated until soft, and then
formed into the desired shape. When cooled, they will retain

this shape. The sane piece of plastic can be reheated and
reshaped any number of times w thout changi ng the chem ca
composition of the material.

Thernosetting plastics harden upon heating, and reheating
has no softening effect. These plastics cannot be reshaped after
once being fully cured by the application of heat.

In addition to the above cl asses, transparent plastics are
manuf actured in two forms, monolithic (solid) and | am nated.

Lam nated transparent plastics are made fromtransparent plastic
face sheets bonded by an inner-layer material, usually polyvinyl

butyral. Because of its shatter-resistant qualities, |amnated
plastic is superior to solid plastics and is used in many
pressurized aircraft. Mst of the transparent sheet used in

aviation is manufactured in accordance with various mlitary
speci fications.

A new devel opnent in transparent plastics is stretched
acrylic. Stretched acrylic is a type of plastic which, before
bei ng shaped, is pulled in both directions to rearrange its
nmol ecul ar structure. Stretched acrylic panels have a greater
resistance to inpact and are | ess subject to shatter; its
chem cal resistance is greater, edging is sinpler, and crazing
and scratches are |less detrinental.

I ndi vi dual sheets of plastic are covered with a heavy
maski ng paper to which a pressure-sensitive adhesive has been
added. This paper hel ps to prevent accidental scratching during
storage and handling. Care should be taken to avoid scratches
and gouges which may be caused by sliding sheets agai nst one
anot her or across rough or dirty tables.

Sheets should be stored in bins which are tilted at
approxi mately 10 degrees fromvertical, if possible. If they
nmust be stored horizontally, piles should not be over 18 inches
hi gh, and small sheets should be stacked on the larger ones to
avoi d unsupported overhang. Storage should be in a cool, dry
pl ace away from sol vent funes, heating coils, radiators, and
st eanpi pes. The tenperature in the storage room shoul d not
exceed 120 degrees F

VWil e direct sunlight does not harmacrylic plastic, it wll
cause drying and hardeni ng of the masking adhesive, making
renoval of the paper difficult. |If the paper will not roll off
easily, place the sheet in an oven at 250 degrees F. for 1
m nute, maxi num The heat will soften the maski ng adhesive for
easy rempval of the paper.

If an oven is not avail able, hardened maski ng paper may be
renoved by softening the adhesive with aliphatic naphtha. Rub
the masking paper with a cloth saturated with naphtha. This wll
soften the adhesive and free the paper fromthe plastic. Sheets
so treated nust be washed i mMmediately with clean water, taking



care not to scratch the surfaces.

NOTE: Aliphatic naphtha is not to be confused with aromatic
napht ha and other dry-cleaning solvents which are definitely
harnful in their effects on plastic. However, aliphatic naphtha
is flamabl e and all precautions regarding the use of flanmmmble
i quids rmust be observed.

Rei nforced Pl astic

Rei nforced plastic is a thernosetting material used in the
manuf act ure of radones, antenna covers, and w ngtips, and as
i nsul ation for various pieces of electrical equipnent and fue
cells. It has excellent dielectric characteristics which nake it
i deal for radomes; however, its high strength-weight ratio,
resistance to mldew, rust, and rot, and ease of fabrication make
it equally suited for other parts of the aircraft.

Rei nforced plastic conmponents of aircraft are forned of
either solid |am nates or sandwi ch-type |am nates. Resins used
to inpregnate glass cloths are of the contact-pressure type
(requiring little or no pressure during cure). These resins are
supplied as a liquid which can vary in viscosity froma waterlike
consistency to a thick sirup. Cure or polymnerization is effected
by the use of a catal yst, usually benzoyl peroxide.

Solid lam nates are constructed of three or nore |ayers of
resin-inpregnated cloths "wet |ani nated" together to forma solid
sheet facing or nolded shape.

Sandwi ch-type | am nates are constructed of two or nmore solid
sheet facings or a nolded shape enclosing a fiberglass
honeyconb- or foamtype core. Honeyconb cores are made of gl ass
cloths inpregnated with a pol yester or a conbination of nylon and
phenolic resins. The specific density and cell size of honeyconb
cores varies over a considerable latitude. Honeyconmb cores are
nornmal |y fabricated in blocks that are later cut to the desired
t hi ckness on a bandsaw.

Foamtype cores are formnul ated from conbi nati ons of al kyd
resins and met atol uene di-isocyanate. Sandw ch-type fiberglass
components filled with foamtype cores are nanufactured to
exceedingly close tol erances on overall thickness of the nol ded

facing and core material. To achieve this accuracy, the resin is
poured into a cl ose-tol erance, nolded shape. The resin
formul ation inmediately foams up to fill the void in the nol ded

shape and forns a bond between the facing and the core.

RUBBER

Rubber is used to prevent the entrance of dirt, water, or
air, and to prevent the |l oss of fluids, gases, or air. It is
al so used to absorb vibration, reduce noi se, and cushi on inpact
| oads.

The term "rubber" is as all-inclusive as the term"netal."
It is used to include not only natural rubber, but all synthetic
and silicone rubbers.

Nat ur al Rubber



Nat ural rubber has better processing and physical properties
than synthetic or silicone rubber. These properties include:
Flexibility, elasticity, tensile strength, tear strength, and | ow
heat buildup due to flexing (hysteresis). Natural rubber is a
gener al - purpose product; however, its suitability for aircraft
use is somewhat limted because of its inferior resistance to
nmost i nfluences that cause deterioration. Although it provides
an excellent seal for many applications, it swells and often
softens in all aircraft fuels and in many sol vents (napht has,
etc.). Natural rubber deteriorates nore rapidly than synthetic
rubber. It is used as a sealing material for water/methano
syst ens.

Synt heti ¢ Rubber

Synthetic rubber is available in several types, each of
whi ch i s conpounded of different naterials to give the desired
properties. The nost widely used are the butyls, Bunas, and
neopr ene.

Butyl is a hydrocarbon rubber with superior resistance to
gas pernmeation. It is also resistant to deterioration; however,
its conmparative physical properties are significantly [ess than
those of natural rubber. Butyl will resist oxygen, vegetable
oils, animal fats, alkalies, ozone, and weatheri ng.

Li ke natural rubber, butyl will swell in petroleumor coa
tar solvents. It has a | ow water-absorption rate and good
resistance to heat and | ow tenperature. Depending on the grade,
it is suitable for use in tenperatures ranging from-65 degrees
F. to 300 degrees F. Butyl is used with phosphate ester
hydraulic fluids (Skydrol), silicone fluids, gases, ketones, and
acet ones.

Buna- S rubber resenbl es natural rubber both in processing
and performance characteristics. Buna-Sis as water-resistant as
nat ural rubber, but has sonewhat better aging characteristics.

It has good resistance to heat, but only in the absence of severe
flexing. GCenerally, Buna-s has poor resistance to gasoline, oil,
concentrated acids, and solvents. Buna-Sis nornmally used for
tires and tubes as a substitute for natural rubber.

Buna-N is outstanding in its resistance to hydrocarbons and
ot her solvents; however, it has poor resilience in solvents at
| ow tenmperature. Buna-N conmpounds have good resistance to
tenperatures up to 300 degrees F., and nmay be procured for |ow
tenperature applications down to -75 degrees F. Buna-N has fair

tear, sunlight, and ozone resistance. |t has good abrasion
resi stance and good breakaway properties when used in contact
with netal. Wen used as a seal on a hydraulic piston, it wll
not stick to the cylinder wall. Buna-Nis used for oil and

gasol i ne hose, tank linings, gaskets, and seals.

Neoprene can take nore puni shnent than natural rubber and
has better |owtenperature characteristics. |t possesses
exceptional resistance to ozone, sunlight, heat, and aging.
Neoprene | ooks and feels |ike rubber. Neoprene, however, is |ess
i ke rubber in sone of its characteristics than butyl or Buna.
The physical characteristics of neoprene, such as tensile



strength and el ongation, are not equal to natural rubber but do
have a definite simlarity. |Its tear resistance as well as its
abrasion resistance is slightly less than that of natural rubber.
Al though its distortion recovery is conplete, it is not as rapid
as natural rubber.

Neoprene has superior resistance to oil. Although it is
good material for use in nonaromatic gasoline systenms, it has
poor resistance to aromatic gasolines. Neoprene is used
primarily for weather seals, w ndow channels, bunper pads,
oil -resistant hose, and carburetor diaphragns. It is also
recommended for use with Freons and silicate ester lubricants.

Thi okol, known al so as pol ysul fide rubber, has the highest
resistance to deterioration but ranks the | owest in physica
properties. Thiokol, in general, is not seriously affected by
petrol eum hydrocarbons, esters, al cohols, gasoline, or water
Thi okol s are ranked |l ow i n such physical properties as
conmpression set, tensile strength, elasticity, and tear abrasion
resi stance. Thiokol is used for oil hose, tank linings for
aromati c avi ation gasolines, gaskets, and seals.

Silicone rubbers are a group of plastic rubber materials
made from silicon, oxygen, hydrogen, and carbon. The silicons
have excellent heat stability and very | ow tenperature
flexibility. They are suitable for gaskets, seals, or other
applications where el evated tenperatures up to 600 degrees F. are
preval ent. Silicone rubbers are also resistant to tenperatures
down to -150 degrees F. Throughout this tenperature range,
silicone rubber remains extrenely flexible and useful with no
har dness or gumm ness. Although this material has good
resistance to oils, it reacts unfavorably to both aromatic and
nonaronati ¢ gasol i nes.

Silastic, one of the best known silicones, is used to
insulate electrical and el ectronic equi pment. Because of its
dielectric properties over a wide range of tenperatures, it
remains flexible and free fromcrazing and cracking. Silastic is
al so used for gaskets and seals in certain oil systens.

SHOCK ABSORBER CORD

Shock absorber cord is made from natural rubber strands
encased in a braided cover of woven cotton cords treated to
resi st oxidation and wear. G eat tension and el ongation are
obt ai ned by weaving the jacket upon the bundle of rubber strands
while they are stretched about three tinmes their original |ength.

There are two types of elastic shock-absorbing cord. Type

is a straight cord, and type Il is a continuous ring, known
as a " bungee." The advantages of the type Il cord area that
they are easily and quickly replaced and do not have to be secured by
stretchi ng and whi pping. Shock cord is available in standard
diameters from1/4 inch to 13/16 inch

Three colored threads are braided into the outer cover for
the entire length of the cord. Two of these threads are of the
same col or and represent the year of manufacture; the third
thread, a different color, represents the quarter of the year in
whi ch the cord was made. The code covers a 5-year period and



then repeats itself. This makes it easy to figure forward or
backward fromthe years shown.

Year mar ki ng

Year Thr eads Col or
1968 ------------------ 2 bl ue
1969 ----ccnmiacaaiaann 2 yel | ow
1970 --cmcmmmmmm e oo 2 bl ack
1971 -----mmme e 2 green
1972 - ----iem - 2 red

Quarter marking

Quarter Thr eads Col or
Jan., Feb., Mar. ------ 1 red
Apr., May, June ------- 1 bl ue
July, Aug., Sept. ----- 1 green
Cct., Nov., Dec. ------ 1 yel | ow

Shock absorber cord col or coding.
SEALS

Seals are used to prevent fluid from passing a certain
point, as well as to keep air and dirt out of the systemin which
they are used. The increased use of hydraulics and pneunmatics in
aircraft systens has created a need for packi ngs and gaskets of
varying characteristics and design to neet the many variati ons of
operating speeds and tenperatures to which they are subjected.

No one style or type of seal is satisfactory for al
installations. Sonme of the reasons for this are: (1) Pressure
at which the systemoperates, (2) the type fluid used in the
system (3) the netal finish and the cl earance between adj acent
parts, and (4) the type notion (rotary or reciprocating), if any.
Seals are divided into three main classes: (1) Packings, (2)
gaskets, and (3) w pers.

Packi ngs

Packi ngs are nmade of synthetic or natural rubber. They are
general ly used as "running seals,” that is, in units that contain
nmovi ng parts, such as actuating cylinders, punps, selector
val ves, etc. Packings are made in the formof Orings, V-rings,

and U-rings, each designed for a specific purpose. (See figure 6-56.)



O-ring

U.ring
V-ring U-cup
Male V-ring adapter Female

Ficure 6-56. Packing rings.

O Ri ng Packi ngs

O ring packings are used to prevent both internal and
external |eakage. This type of packing ring seals effectively in
both directions and is the type npbst conmonly used. In
installation subject to pressure above 1,500 p.s.i., backup rings
are used with Orings to prevent extrusion

When an O-ring packing is to be subjected to pressure from
both sides, as in actuating cylinders, two backup rings nust be
used (one on either side of the Oring). Wen an Oring is
subj ect to pressure on only one side, a single backup ring is
generally used. In this case the backup ring is always placed on
the side of the Oring away fromthe pressure.

The materials fromwhich Orings are manufactured have been
compounded for various operating conditions, tenperatures, and
fluids. An Oring designed specifically as a static (stationary)
seal will probably not do the job when installed on a noving part
such as a hydraulic piston. Mst Orings are sinmlar in
appearance and texture, but their characteristics may differ
widely. An Oring will be useless if it is not conpatible with
the system fluid and operating tenperature.

Advances in aircraft design have necessitated new O ring
compositions to neet changed operating conditions. Hydraulic



Orings were originally established under AN specification
nunbers (6227, 6230, and 6290) for use in ML-H 5606 fluid at
tenperatures ranging from-65 degrees F. to +160 degrees F.

When new desi gns rai sed operating tenperatures to a possible 275
degrees F., nore conpounds were devel oped and perfected.

Recently a compound was devel oped that offered inproved
| owt erper at ure performance without sacrificing high-tenperature
performance, rendering the other series obsolete. This superior
mat eri al was adopted in the M528775 series. This series is now
the standard for ML-H 5606 systens where the tenperature nay
vary from-65 degrees F. to +275 degrees F.

Manuf acturers provide color coding on some Orings, but this
is not areliable or conplete neans of identification. The color
codi ng system does not identify sizes, but only systemfluid or
vapor conpatibility and in some cases the manufacturer. Col or
codes on Orings that are conpatible with ML-H 5606 fluid wll
al ways contain blue, but may al so contain red or other colors.
Packi ngs and gaskets suitable for use with Skydrol fluid wll
al ways be coded with a green stripe, but may al so have a bl ue,
grey, red, green, or yellow dot as a part of the color code.

Col or codes on Orings that are conpatible with hydrocarbon fluid

will always contain red, and will never contain blue. A colored
stripe around the circunference indicates that the Oring is a
boss gasket seal. The color of the stripe indicates fluid

compatibility: red for fuel, blue for hydraulic fluid.

The coding on sone rings is not permanent. On others it may
be omtted due to manufacturing difficulties or interference with
operation. Furthernore, the color coding system provides no
means to establish the age of the Oring or its tenperature
limtations.

Because of the difficulties with color coding, Orings are
avail abl e in individual hernetically seal ed envel opes, | abel ed
with all pertinent data. Wen selecting an Oring for
installation, the basic part nunmber on the seal ed envel ope
provi des the nost reliable conpound identification

Al t hough an Oring nay appear perfect at first glance,
slight surface flaws nay exist. These flaws are often capabl e of
preventing satisfactory Oring perfornmance under the variable
operating pressures of aircraft systems; therefore, Orings
should be rejected for flaws that will affect their perfornance.
Such flaws are difficult to detect, and one aircraft manufacturer
recomrends using a 4-power magni fying glass with adequate
lighting to inspect each ring before it is install ed.

By rolling the ring on an inspection cone or dowel, the
i nner dianeter surface can al so be checked for small cracks,
particles of foreign material, or other irregularities that wll
cause | eakage or shorten the life of the Oring. The slight
stretching of the ring when it is rolled inside out will help to
reveal sone defects not otherw se visible.

Backup Ri ngs

Backup rings (Ms28782) nmde of Teflon do not deteriorate
with age, are unaffected by any systemfluid or vapor, and can



tolerate tenperature extrenmes in excess of those encountered in
hi gh- pressure hydraulic systens. Their dash nunbers indicate not
only their size but also relate directly to the dash nunber of
the Oring for which they are dinmensionally suited. They are
procur abl e under a nunmber of basic part nunbers, but they are

i nterchangeabl e; that is, any Teflon backup ring nmay be used to
repl ace any other Teflon backup ring if it is of proper overal

di mension to support the applicable Oring. Backup rings are not
col or coded or otherw se marked and must be identified from
package | abel s.

The inspection of backup rings should include a check to
ensure that surfaces are free fromirregularities, that the edges
are clean-cut and sharp, and that scarf cuts are parallel. Wen
checking Tefl on spiral backup rings, nake sure that the coils do
not separate nore than 1/4 inch when unrestrained.

V- Ri ng Packi ngs

V-ring packings (AN6225) are one-way seals and are al ways
installed with the open end of the "V' facing the pressure.
V-ring packings nust have a nale and femal e adapter to hold them
in the proper position after installation. It is also necessary
to torque the seal retainer to the value specified by the
manuf act urer of the conponent being serviced, or the seal may not
gi ve satisfactory service

U- Ri ng Packi ngs

U-ring packi ngs (AN6226) and U-cup packings are used in
brake assenblies and brake master cylinders. The U-ring and
U-cup will seal pressure in only one direction; therefore, the
lip of the packings nust face toward the pressure. Uring
packings are prinmarily | ow pressure packings to be used with
pressures of less than 1,000 p.s.i

GASKETS

Gaskets are used as static (stationary) seals between two
flat surfaces. Sone of the nore commobn gasket materials are
asbest os, copper, cork, and rubber. Asbestos sheeting is used
wherever a heat-resistant gasket is needed. It is used
extensively for exhaust system gaskets. Modst asbestos exhaust
gaskets have a thin sheet of copper edging to prolong their life.

A solid copper washer is used for spark plug gaskets where
it is essential to have a nonconpressible yet sem soft gasket.

Cork gaskets can be used as an oil seal between the engine
crankcase and accessories, and where a gasket is required that is
capabl e of occupyi ng an uneven or varying space caused by a rough
surface or expansion and contraction.

Rubber sheeting can be used where there is a need for a
conpressi ble gasket. It should not be used in any place where it
may come in contact with gasoline or oil because the rubber wll



deteriorate very rapidly when exposed to these substances.

Gaskets are used in fluid systens around the end caps of
actuating cylinders, valves, and other units. The gasket
general ly used for this purpose is in the shape of an Oring
simlar to Oring packings.

W PERS

W pers are used to clean and lubricate the exposed portions
of piston shafts. They prevent dirt fromentering the system and
hel p protect the piston shaft agai nst scoring.

Wpers may be either nmetallic or the felt type. They are
sonmetines used together, with the felt w per installed behind the
metal lic wiper



